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The insidious endemic diseases have frequently been 
* 
neglected in favor of the more spectacular acute diseases. 
Nowhere is this situation more evident than in swine, where 
the bulk of the work on chronic respiratory diseases has been 
reported within the last decade and a half. 
From earlier clinical and pathological descriptions it 
is obvious that the chronic respiratory diseases, deemed im­
portant today, have been present since the early days of 
swine husbandry. These diseases were either considered un­
important or disregarded as the chronic manifestations of 
some acute disease. The increased number and concentration 
of swine in modern swine production units favor the spread 
of chronic diseases and tends to increase their harmful 
effects. Chronic diseases such as virus pneumonia of pigs 
rarely cause death losses directly, but may seriously affect 
the economic performance of infected animals. Although the 
economic effect of virus pneumonia of pigs on individual 
animals may be relatively unimportant, the effect in a herd 
or an area as a whole may be very significant. The economic 
significance of this disease is more obvious if one realizes 
that most, if not all, of the animals in an infected herd 
suffer from the disease at one time or another. Most swine 
herds in Iowa are affected with virus pneumonia. 
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Virus pneumonia of pigs, or a disease indistinguishable 
from it, has been reported from most swine rearing areas of 
the world. This disease has been called infectious pneumo­
nia, enzootic pneumonia, and virus pneumonia of pigs. These 
are considered to be identical diseases on the basis of 
similar symptomatology, epidemiology and pathology. The 
lack of more specific methods for studying this disease is, 
due to the fact that only swine have been found to be sus­
ceptible to the etiological agent and that this agent is of 
low virulence and very sensitive to environmental effects. 
In addition, the presence of secondary microorganisms, par­
ticularly Mycoplasma hyorhinis and Pasteurella multocida, 
has interfered with etiological studies. 
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OBJECTIVES 
The primary objective of this study was to develop a 
method for the propagation of the etiological agent of virus 
pneumonia of pigs outside the natural host. Various cell 
cultures, chicken embryos and mice were employed in an 
attempt to propagate the agent of virus pneumonia of pigs 
in a detectable manner. 
Secondary objectives included: 1. determination of the 
incidence and significance of swine influenza virus or other 
viral agents in field cases of swine pneumonia and 2. deter­
mination of the incidence of bacterial organisms in field 
cases of swine pneumonia. 
A portion of this study dealing with the determination 
of the microbiology of naturally occurring cases of swine 
pneumonia has been published by L'Ecuyer .et al. (78). 
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REVIEW OF THE LITERATURE 
The literature review is divided into six sections : 
1. virus pneumonia of pigs, 2. swine influenza and Ferkel-
grippe, 3. other viruses, 4. bacteria of primary etiological 
significance, 5. bacteria of secondary significance, and 
6. pneumonic conditions of unknown etiology. 
Virus Pneumonia of Pigs 
Chronic pneumonia in pigs was encountered by Shope 
(127), Lamont (71), Blakemore and Gledhill (l4), and 
Hjarre et al. (56). These workers considered this condition 
as either a chronic manifestation of swine influenza or a 
,rspontaneous pneumonia. " 
In 1948, Pullar (103,) described a chronic, infectious 
pneumonia characterized by high morbidity and low mortality 
which was widespread in Australian swine. He called the 
disease "Infectious Pneumonia." In 516 pigs examined (104) 
for the presence of lung lesions the incidence"was 15 per 
cent of suckling pigs, 65 per cent of bacon pigs, and 32 per 
cent of adults. In most cases the only symptom was a slight 
cough after exercise. In acute cases, where secondary infec­
tion was a factor, there was elevated temperature, depres­
sion, dyspnea and severe cough. The lesions of the disease 
were limited to the lungs and consisted of consolidation 
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involving the anterior portions of the lung. The disease 
was transmissible by contact or by exposing pigs to aerosols 
of aqueous extracts of pneumonic lungs (105). Pasteurella 
suiseptica was recovered from 90 per cent of the affected 
lungs. Salmonella suipestifer was also frequently recovered 
(103). However, a bacterin containing these 2 organisms was 
useless in preventing the disease (.105). 
Since Pullar's report, a disease with similar symptoma­
tology, epidemiology, and pathology has been reported from 
most of the swine-rearing areas of the world by Gulrajani 
and Beveridge (53), Hjarre et al. (57), Fulton et al. (47), 
Plowright (lOO), Rislakki (107), Palyusik (89), Thomas 
(150), Placidi (96), Terpstra (l48), Fontaine ert al. (43), 
Fagard and Thils (42) and Contini (27). The incidence of 
this disease within infected herds was believed to be very 
high with nearly all animals being infected at one time or 
another. Betts (6) found lesions of the disease in 61.3 per 
cent of 1000 market pigs while Plowright (100) and Fagard 
and Thils (42) found that over 50 per cent of market pigs 
were affected. Macpherson and Shanks (8l) found pneumonic 
lesions in 55 per cent of 1000 bacon pigs and in 5.8 per 
cent of 670 sows. They also noted that the lesions in the 
lungs of adult pigs were less extensive. 
Gulrajani and Beveridge (53) attempted to recover swine 
influenza virus from pigs affected with chronic pneumonia. 
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They were unsuccessful' and recovered Instead' another virus. 
The new agent did not propagate in chicken embryos, ferrets, 
mice, rabbits, or guinea pigs.' Intranasal inoculation of 
bacteria-free pneumonic lung suspensions into pigs produced 
pneumonic lesions in which the virus persisted for long 
periods. The virus passed gradacol membranes of 0.8 microns 
but not O.56 microns average pore diameter. Antibodies 
against swine influenza virus were not present in swine in­
fected with this virus. The work of Gulrajani and Beveridge 
(53) has been confirmed by Betts (6), Hjarre _et _al. (59), 
Fulton _et al. (47), Rislakki (107), Penttinen and Rislakki 
(94), Plowright (100), Thomas (150), Placidi and Haag (97, 
98), Fagard and Thils (42), Contini (27), Pehl (92), and 
Bontscheff (15). The experimental animals were generally 
inoculated by the intranasal route. In most cases, chicken 
embryos were inoculated either by the chorioallantoic sac or 
the amniotic sac routes. However, in some cases yolk sac 
inoculation was also done. 
Betts (6), on the basis of filtration experiments, 
estimated that the virus measured approximately 250 milli­
microns in diameter. He found that the virus was suscep­
tible to the tetracyclines in vitro but was resistant to 
penicillin, streptomycin, and the sulfa drugs. He further 
reported that the virus persisted for periods up to 66 weeks 
in the lungs of some infected animals. Betts and Beveridge 
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(7) and' Fontaine et al. (44) reported that the virus did 
not survive exposure to room temperature for 24 hours. 
Plowright (100) and Fontaine et al. (44) found that infec-
tivity was rapidly lost at refrigerator temperatures but 
that it was maintained if the material was kept frozen. 
Palyusik (89)  recovered an agent, from 11 of 82 
pneumonic swine lungs that produced pock lesions on the 
chorioallantoic membrane of chicken embryos. Inoculation 
of young pigs with suspensions of infected chorioallantoic 
membranes produced a mild pneumonia. 
Wessléh and Lannek (159) recovered a cytopathic agent 
from 6 out of 8 pneumonic lungs inoculated into primary 
swine lung cell cultures. This agent was susceptible to the 
tetracycline antibiotics but was not neutralized by serum 
from naturally or experimentally infected pigs. Experi­
mental inoculation of swine with this agent produced only 
enlargement and edema of the pulmonary and mediastinal lymph 
glands. Histological studies (76) of the cytopathic changes 
that this agent produced in cell cultures revealed minute 
intracellular and extracellular bodies that did not resemble 
organisms of the psittacosis-lymphogranuloma-venereum group. 
On the other hand, H jarre et al. (58) obtained only tran­
sient cytopathic changes from 3 of 16 pneumonic lung suspen­
sions they inoculated into swine cell cultures. Lannek and 
Wesslén (75) inoculated pneumonic lung material into 
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suspended cell cultures and found that eighth passage cell 
culture fluid produced gross and histological lesions of 
pneumonia when inoculated into pigs. They considered this 
cytopathic agent to be the cause of swine enzootic pneumonia 
(SEP) and recovered it from the experimentally infected 
animals. Intraperitoneal inoculation of swine with this 
agent produced peritonitis, pleuritis, and....pericarditis but 
not pneumonia. Dinter _et al. (31) found that yolk sac in­
oculation of 5 to 7 day-old chicken embryos was more effec­
tive than cell cultures in recovering the SEP agent. 
Fontaine et al. (43) duplicated Dinter1 s results and suc­
ceeded in reproducing the disease in pigs with third passage 
infected yolk sac suspensions. Dinter et_ al. (31) produced 
a neutralizing antiserum in rabbits by inoculation of either 
pneumonic lung suspensions or cell cultures infected with 
their cytopathic SEP agent. The rabbit antiserum neu-
_ O 
tralized 10 T.C.I.D. 50 of the homologous cytopathic agent 
in cell cultures. 
Fontaine _et al. (44) reported that intraperitoneal 
inoculation of swine with pneumonic lung suspensions, irreg­
ularly produced an acute disease characterized by pericardi­
tis, pleuritis, peritonitis, and arthritis. 
Romvciry and Csontos (110) recovered a viral agent from 
cases of subacute pneumonia by inoculation of 6 to 7 day-old 
chicken embryos. The agent was susceptible to the broad-
spectrum antibiotics, did not agglutinate erythrocytes, and 
produced a mononuclear infiltration in the lungs of experi­
mentally infected pigs. Surdan and Sorodoc (139) recovered 
2 strains of an organism in chicken embryos inoculated by 
the yolk sac route with pneumonic lung suspensions. Iso­
lates of this organism were carried respectively through 12 
and "13 serial passages. Chicken embryos killed by this 
organism showed hemorrhages, necrosis, and hepatic hyper­
trophy with some hemorrhage and edema of the yolk sac mem­
brane. Stained smears of the infected yolk sac membranes 
revealed coccoid elementary bodies measuring 200 to 250 
millimicrons in diameter. Eighty per cent of pigs inocu­
lated with fourth and eleventh chick embryo passage material 
developed pneumonia characterized by lymphoid hyperplasia 
and mild suppuration. The agent was reisolated in chicken 
embryos. Mice, guinea pigs, hamsters, and rabbits were re­
sistant to the organism and convalescent pig serum contained 
no neutralizing or complement-fixing antibodies for the 
agent. Bontscheff (l6) recovered an agent from pneumonic 
swine lungs by yolk sac inoculation of chicken embryos. 
This agent was passaged serially 10 times in chicken embryos 
without showing any loss of virulence. Most of the infected 
embryos were dead 4 to 7 days postinoculation and typically 
showed subcutaneous and petechial hemorrhages and stunting. 
Some embryos had necrosis of the skin over the head and in 
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some, the chorioallantoic membrane was edematous. Seventh 
and ninth passage chicken embryo tissues caused pneumonia in 
1/2 of the inoculated pigs. The pneumonia agent was reiso-
lated in chicken embryos after 3 yolk sac passages. 
Switzer (144) produced both atrophic rhinitis and virus 
pneumonia in pigs with filtrates of nasal mucosa from pigs 
suffering from both diseases. He could produce only 
atrophic rhinitis by inoculation of pigs with nasal mucosa 
filtrates of pigs suffering only from atrophic rhinitis. 
Later (l42), he found that inoculation of virus pneumonia 
virus would not cause atrophic rhinitis. 
Serological tests have failed to demonstrate antibodies 
against the agent of virus .pneumonia of pigs according to 
Penttinen and Rislakki (94) and Pehl (92). Neutralizing 
antibodies were not demonstrated by H jarre ert al. (57), 
Fontaine et_ al. (43), or Surdan and Sorodoc (139). Thomas 
(150), Fontaine et_ al. (44), and Surdan and Sorodoc (139) 
could not detect complement-fixing antibodies in infected 
pigs. Howell and Gordon (60) and Fontaine _et al. (43) found 
cold agglutinins for human type 0 erythrocytes in the serum 
of virus pneumonia infected pigs. Titers in infected 
animals were as high as 1:128 while maximum titers in normal 
animals were 1:16 and 1:32 respectively. These workers did 
not elaborate on the diagnostic significance of these 
agglutinins but Fontaine _et al. (44) stated that cold 
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agglutinins were not exclusive to virus pneumonia nor did 
they always accompany the disease. 
Betts (6) observed that airborne transmission of this 
disease occurred naturally. He felt,.that fomîtes were not 
involved in transmission. Infection appeared in herds after 
the introduction of infected stock. The disease was per­
petuated within a herd.by transmission from sow to litter or 
at weaning when infected and noninfected litters were mixed. 
Experimentally, the disease was transmitted by intranasal 
or intratracheal inoculation of pneumonic lung suspensions 
or filtrates. Some infected animals remained carriers for 
years while others eliminated the disease after variable 
lengths of time. 
The symptomatology of virus pneumonia of pigs has been 
described by Betts (6), Fontaine et_ al. (43), Fagard and 
Thils (42), and Plowright (100). Generally, symptoms appear 
10 to 16 days following natural and 5 to 12 days following 
experimental exposure. The cardinal symptoms are coughing 
and unthr-iftiness. Coughing may occur 8 to 20 days after 
exposure and may be present in all or only a few pigs.in in­
fected litters. Some pigs, although infected, may never 
cough. The cough is dry, non-productive, and is usually 
elicited by vigorous exercise. Thomas (150) noted that in 
the experimentally produced disease, symptoms were fre­
quently absent although lesions were.obvious at necropsy. 
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Betts (6) noted that when the disease was first introduced 
into a herd, the effect was more severe with morbidity 
reaching 100 per cent and mortality becoming high. In 
chronically infected herds the disease assumed a more sub­
dued character with high morbidity and low mortality. In 
some cases, infected pigs became seriously ill at lô to 20 
weeks of age. There was high temperature, dyspnea, prostra­
tion, inappetence and rapid loss of condition. This 
phenomena was described by Betts (6) as "secondary break-, 
down" and was ascribed to secondary bacterial invaders. If 
treatment was withheld, mortality could be very high with 
severe stunting of the survivors. 
Although appetites remained good, the condition of in­
fected animals was lowered and litters were markedly uneven. 
Beveridge and Betts (12) felt that there was an equilibrium 
established between host and virus. When poor living condi­
tions, poor nutrition, or secondary organisms upset this 
equilibrium, the effects of the disease were important. The 
principal effects of the disease were seen in the decreased 
rates of gain and lowered feed efficiency of infected ani­
mals. Betts and Beveridge (7), Betts et al. (ll), and 
Fontaine et al. (43) found that infection with virus pneu­
monia had a marked effect on growth. In 1 series of con­
trolled experiments, Betts ejb al. (ll) found that growth 
rate was depressed 16 per cent and feed efficiency 22 per 
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cent in comparison to uninfected control pigs. Young et al. 
(l6l) found about 1 month's difference between the age at 
• which uninfected controls and pigs naturally infected with 
virus pneumonia and atrophic rhinitis reached market weight. 
They felt that the main growth-depressing effect was due to 
virus pneumonia. It is generally agreed that the presence of 
secondary bacterial organisms in the pneumonic lungs markedly 
enhances the growth-depressing effect of the disease. 
Dinter (29) and Dinter _et al. (30)  found that the first 
effect of virus multiplication in the lungs was a micro­
scopic, diffuse, alveolar interstitial enlargement particu­
larly evident in the peripheral lobes.. Alveolar cell in­
volvement was seen at about 8 to 12 days postinoculation. 
Macroscopic pneumonia lesions were not seen before 14 days 
postinoculation and were localized in the anterior lobes. 
Maximum virus titer persisted for long periods and the titer 
was about the same in macroscopically involved and in normal 
areas. The macroscopic lesions present in the peripheral 
lobes were believed to be the result of the defensive re­
action of the host. This "resolution reaction" was seen 
mainly in those areas where alveolar cell proliferation was 
present and was frequently associated with purulent broncho­
pneumonia of secondary bacterial origin. Since the virus 
and microscopic lesions were present throughout the lung, 
the macroscopic lesion was believed to be due to exaggerated 
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host reaction in areas where the respiratory mechanisms were 
less efficient. Persistence of the pneumonia for long 
periods was due to persistence of the virus. The continued 
virus irritation was not believed to be limited by neu­
tralizing antibodies as is the case in s-wine influenza. 
The pathology of virus pneumonia of pigs, both macro­
scopic and microscopic, has been described by Betts (6), 
Plowright (100), Pattison (90), Schofield (ll8), Urman 
et al. (155)j Fontaine et al. (43), Fagard and Thils (42), 
Trautwein (152), and Bontscheff (15). The macroscopic 
lesions in both natural and experimental cases are usually 
located in the anterior, cardiac and intermediate lobes. 
Pullar (104) found that when only 1 lobe was involved the 
ratio of involvement of the rigbu cardiac, right apical, 
left cardiac, and left apical was 4:2:2:1, respec­
tively. The pneumonic lesions were purple to grayish 
colored and had the consistency of lymphoid tissue. The 
pneumonic areas were clearly demarcated and usually de­
pressed in relation to the normal tissue. Cross sections of 
the affected areas showed that the bronchioles were occluded 
by thick, tenacious mucus. Longstanding cases frequently 
showed fibrosis and distortion of the involved lobes. In 
some cases only the contracted and distorted lobes could be 
found while other cases showed both fibrosis and active con­
solidation. The bronchial and mediastinal lymph nodes were 
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regularly enlarged and edematous. Pleuritis and pericardi­
tis were- frequently described as lesions of virus pneu-' 
•monia. The microscopic lesions of virus pneumonia of pigs 
were characterized by: 1. perivascular and peribronchiolar 
lymphoid infiltration and hyperplasia with some inter-
alveolar lymphocytic infiltration, 2. variable degrees of 
interstitial pneumonia and atelectasis scattered throughout 
the lobules, 3. alveolar exudates composed of alveolar 
lining cells, lymphocytes, plasma cells and some neutro­
phils, 4. the abscence of lesions involving the bronchial 
and bronchiolar epithelium, and 5- fibrosis in longstanding 
cases. It was observed that the lymphoid infiltration, 
hyperplasia and interstitial reaction was present throughout 
the lung, being more marked in the consolidated areas. 
Pattison (90) found histological lesions in experimentally 
infected pigs as early as the seventh day postinoculation. 
At 11 days postinoculation, macroscopic lesions were present 
and the typical histological lesions were obvious. Urman 
et al. (155) found histological lesions no earlier than 11 
and 13 days' after inoculation. Jelinek (63) attempted to 
standardize the extent and type of lesions in experimental 
infections and found that dilute inocula produced a more 
chronic disease with more pronounced lesions. 
Underdahl and Kelley (154) reported that migrating 
Ascaris suum juveniles caused a 10-fold increase in the 
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extent of experimentally produced lesions with a propor­
tional increase in clinical severity. 
Roberts _et al. (108) studied the effects on Pasteurella 
multocida-and Mycoplasma hyorhinis on the histopathology of 
field cases of virus pneumonia. They noted that a lymphoid 
reaction was characteristic of most specimens and that this 
reaction was enhanced in the presence of P_. multocida. In 
addition the presence of P. multocida was correlated with 
neutrophilic infiltration of the bronchiolar walls, and of 
the bronchiolar and alveolar exudates. P. multocida was 
also associated with an increase in septal cells and 
lymphocytes in the alveoli, and with a serofibrinous reac­
tion in the interlobular spaces. M. hyorhinis was not asso­
ciated with any of these changes. Both P\ multocida and M. 
hyorhinis were associated, individually or in combination, 
with a pleural inflammatory reaction characterized by fibrin 
formation and infiltration by neutrophiles and lymphocytes. 
They also noted, as did Schofield (ll8), that most of the 
grossly normal lungs collected at slaughter showed micro­
scopic lesions typical of virus pneumonia of pigs. 
Englert (4l) and Bakos _et al. (3)  have related "inclu­
sion body rhinitis," first described by Done (34), to virus 
pneumonia of pigs. Bakos _et al. (3) inoculated 15 5-day-old 
pigs with the Sanda strain of enzootic swine pneumonia and 
left uninoculated pigs as contacts. These piglets were from 
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2 litters and were kept with their dams during the experi­
ment. All 20 of the pigs developed a serous conjunctivitis, 
seromucous rhinitis, and pneumonia. In addition, 5 of the 
11 pigs killed between 12 and 37 days postinoculation had 
typical intranuclear inclusion bodies in the cells of the 
submucosal glands of the nasal mucosa. The 3 pigs killed 
between 48 and 70 days postinoculation showed atrophy of 
the ventral nasal turbinates. 
Betts _et al. (8) found that penicillin, streptomycin, 
chloramphenicol, and sulfamethazine had no curative effect 
on experimentally produced virus pneumonia of pigs. They 
found that oxytetracycline and chlortetracycline had a 
marked prophylactic effect on the disease when given at 
therapeutic levels. Betts _et al. (8) and Bornfors and 
Lannek (19) reported that the tetracyclines had no thera­
peutic effect on established lesions. Lannek and Bornfors 
(74) found that the tetracyclines at doses of 20 'mg. per 
kgm. per day gave complete prophylactic protection and that 
the level of protection declined to 50 per cent at doses of 
5 mg., per kgm., per day. Goret e_t al. (51) reported simi­
lar findings and in addition found that the protected ani­
mals remained highly susceptible to subsequent challenge 
with the virus. 
Many of the presently available chemotherapeutic agents 
are effective in correcting the deficiencies in rates of 
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gain shown by infected animals. Bornfors and Lannek (18) • 
found this to be true with sulfamethazine, penicillin, 
streptomycin, and the tetracyclines. Goret _et al. (51 ) and 
Hupka and Eûtten (6l) also found this to be the case with 
the tetracyclines. Penney (93) and Pugh (101) found 
chloramphenicol had an enhancing effect on rates of gain of 
infected animals. These workers agree that the growth-
enhancing effect of these drugs is due to the reduction and 
elimination of secondary bacteria from the lesions. Pugh 
(101) noted that chloramphenicol treated animals had no 
"secondary breakdowns" as did the untreated controls. 
Carter (23) used a bacterin prepared from I?. multocida types 
A and D and found it useful in reducing the severity of 
field infections. 
Although no serologically detectable immune response 
occurred in infected or convalescent pigs, Lannek and 
Bornfors (73) showed that animals that had recovered from 
the disease could not be reinfected with the same agent. 
Control pigs of the same age readily developed the disease. 
Bornfors and Lannek (17) found that pigs given 10 intramus­
cular inoculations of infectious lung were not resistant to 
subsequent challenge with similar material given intra-
nasally. 
Since no effective treatment is available to control 
virus pneumonia, efforts have been directed toward methods 
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of effectively breaking the cycle of transmission from dam 
to offspring. These methods are based on the fact that 
direct contact between infected and susceptible stock is 
required for the perpetuation of the disease. Lamont et al. 
(72), Macpherson and Shanks (8l ), Betts et al. (10), Barber 
et al. (4), Whittlestone and Betts (l6o), Pullar (102), 
Snowdon (137), Miles (86), and Swahn et al. (l4o) have taken 
advantage of the fact that older sows frequently overcome 
the disease and no longer infect their offspring. Basically 
their control method consists of farrowing and raising 
litters in isolation. These litters are closely examined 
for any clinical signs of pneumonia. As many pigs as pos­
sible are examined at necropsy for evidence of pneumonia. 
At weaning time the litters which are judged to be free of 
pneumonia are pooled and raised in complete quarantine. 
When the original, infected stock has been discarded and the 
premises thoroughly cleaned and disinfected, the pneumonia-
free stock is used to initiate normal production. 
Young et al. (l64), Done (33), Betts et al. (9), and 
Roe and Alexander (109) have recommended a second method of 
control which consists of obtaining pigs by hysterectomy and 
rearing them in isolation. Infected premises are then de­
populated, cleaned and repopulated with hysterectomy pro­
cured pigs. 
Finally, Young and Underdahl (162)  and Goodwin and 
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Whittlestone (50) discussed the problem of certification of 
farm herds as free of virus pneumonia. Young and Underdahl 
(l62) felt that necropsy examination of 10 pigs should be 
sufficient to detect the presence of the disease in a herd. 
Goodwin and Whittlestone (50) discussed the problems in­
volved in evaluating pneumonic conditions and lesions in 
relation to virus pneumonia of pigs. 
Reviews of literature on this disease have been pub­
lished by Betts (5) and Hjarre (54). 
Swine Influenza and Ferkelgrippe 
Swine influenza has been reported from most swine 
rearing areas in the world. In this country it was ex­
tremely widespread after 1920, but in recent years it seems 
to have declined in importance. Young and Underdahl (163)  
could find serological evidence of infection with swine 
influenza virus in only 15 per cent of over 2000 midwestern 
swine. 
Early studies on swine influenza incriminated bacteria 
as the etiological agents. Dorset et al. (35) recovered 
Bordetella bronchiseptica from 1 case and Bacillus 
suiseptlcus (Pasteurella) in conjunction with a non­
hemolytic streptococcus from 50 per cent of the others. 
They could not reproduce the disease with any of these orga­
nisms. McBryde et al. (85) reproduced the typical disease 
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by instilling pigs with bronchial mucus from infected pigs 
but filtrates of the material gave negative results. A 
bacteriological study of 20 swine influenza-infected herds 
indicated that B. suisepticus was present in 65 per cent, a 
pleomorphic gram-positive bacillus in 55 per cent, B. 
bronchiseptica in 10 per cent, and B. pyogenes in 15 per 
cent. In addition B. suisepticus was cultured from 37 per 
cent and the pleomorphic bacillus from 26 per cent of 19 
normal lungs. Fulton (46) repeated this work and succeeded 
in reproducing typical influenza with first but not subse­
quent subcultures of the pleomorphic bacillus. 
Lewis and Shope (79) recovered Hemophilus influenzae-
suis from experimentally and naturally infected swine but 
not from control animals. The organism failed to produce 
typical influenza by any route of inoculation. In 1931, 
Shope (128) demonstrated that a virus was involved in swine 
influenza and that the virus alone caused a mild condition 
which he called "filtrate disease.11 He also showed that the 
typical clinical disease was caused by the simultaneous 
action of swine influenza virus and H. influenzae-suis. 
Gulrajani (52) could recover swine influenza virus up to 1 
week postinoculation but no longer from either swine or 
mice. Andrewes et al. (l) and Shope (123) found that mice 
were susceptible to swine influenza virus when inoculated 
by the intranasal route. Shope (122) obtained infection of 
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ferrets by intranasal inoculation with swine influenza 
virus. 
Hjarre et al. (58)  propagated swine influenza virus, 
strain Iowa 15, in primary swine kidney and lung cell cul­
tures . This strain produced a definite cytopathic effect 
from the fifth serial passage on. Sackmann (112) infected 
chicken embryo cell cultures and produced a cytopathic 
effect with the virus. Bakos (2) reported that the Iowa 15 
strain of swine influenza virus caused a severe cytopathic 
effect after 4 or 5 serial passages on swine kidney cell 
cultures, while a Wisconsin•strain (isolated by Kissling) 
was only slightly cytopathic after 12 serial passages. 
The disease described by Shope (127) was characterized 
by sudden onset, very high morbidity, high fever, prostra­
tion, cough, and abdominal breathing. Duration of clinical 
signs was 2 to 6 days and recovery was spontaneous and 
rapid. Mortality in uncomplicated cases was 1 to 4 per 
cent. The macroscopic lesions observed were : 1. accumula­
tion of mucus exudate in the trachea and bronchi, 2. hy­
peremia of the epithelium of trachea and bronchi, and 
3. purplish consolidation of the dependent portions of the 
lungs. These consolidated areas were clearly demarcated 
from the normal lung tissue. The pulmonary and mediastinal 
lymph nodes were enlarged and edematous. Histologically, 
the lesions were characterized by: 1. bronchiolitis, 
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2. marked peribronchial round cell infiltration, 3. exten­
sive atelectasis, 4. serofibrinous alveolar exudate con­
taining epithelial and round cells, and 5. in severe or 
fatal case's, by generalized pulmonary edema. 
Scott (120) described an infection in stockyard swine 
which was not transmissible by contact but could be repro­
duced by intranasal instillation of Pasteurella sp. in con­
junction with swine influenza virus. The resulting lesions 
were characterized by atelectasis involving the anterior and 
cardiac lobes, focal bronchopneumonia in the diaphragmatic 
lobes, and fibrinous pleuritis. Pasteurella cultures alone 
produced no lesions and swine influenza virus alone produced 
only a slight temperature elevation. 
Kobe (66) described a respiratory disease in German 
swine which he called "Ferkelgrippe." He implicated both a 
virus and H. influenzae-suis as causative agents. However, 
Kobe (67) and later Waldmann (157) described this disease as 
differing from swine influenza in that : 1. only young pigs 
were involved, 2. chronic forms occurred, and 3- in some 
cases the virus persisted for long periods in affected ani­
mals. Waldmann (158) felt that swine influenza and Ferkel­
grippe were the same disease as indicated by their common 
etiology and pathology and that the differences between them 
were due to differences in the virulence of the causative 
organisms. Lamont (71), Blakemore and Gledhill (13), 
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Bueno (21), Ochl and Miyairi (88), Hjârre _et al„ (56), and 
Szczygielska _et al. (l4f) reported similar observations 
after,investigation of swine pneumonias that resembled 
Ferkelgrippe more closely than swine influenza. It is 
notable that these workers, especially Lamont, Blakemore and 
Gledhill, and Hjârre et, al. also describe a chronic pneu­
monia from which they could not recover typical swine in­
fluenza virus and which caused stunting and persistent 
coughing in Infected pigs. 
The pathology of Ferkelgrippe has been described in de­
tail by Dobberstein (32), Krembs (70), Bueno (20), and 
Hjârre _et al. (56). The lesions observed resembled those 
reported earlier by Shope (127) from cases of swine influ­
enza. 
Shope (124, 129, 130) showed that swine influenza virus 
was carried and maintained in a latent "masked" form in 
swine lungworms. In this manner the virus is transmitted 
transovarially in the parasite and is maintained outside the 
pig (132). Shope found that typical influenza could be pro­
voked in lungworm infected swine by repeated inoculation 
with H. influenzae-suis (131), by exposure to adverse 
weather (133) or by infection with human influenza virus 
(125). Sen et_ al. (121 ) repeated this work but used either 
Ascaris suum migration, ascarid extracts parenterally, or 
calcium chloride intrapleurally to provoke the typical 
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disease. Underdahl (153) showed that the migration of A. 
suum juneniles caused a marked increase in the severity of 
experimental swine influenza in pigs. 
Shope and Francis (134) and Gulrajani (52) determined 
that swine could be infected experimentally with human type 
A influenza viruses. The disease these viruses caused was 
very mild and resembled that produced by swine influenza 
virus alone. Combined inoculation (134) of H. influenzae-
suis and human influenza virus in pigs caused a febrile, 
depressing illness similar to mild swine influenza. Kono 
et al. (69), used an A-prime strain of human influenza virus 
to infect pigs and carried this virus through 5 serial 
passages. They could recover the virus from the lungs up to 
78 days postinoculation. Shope (126) and Dreguss (36) found 
serological evidence of human influenza virus type A 
infection in swine. 
In 1954 Sasahara et_ al. (113-116) reported on an 
influenza-like disease of swine characterized by severe ill­
ness and some mortality among young swine but only inappar-
ent infections in older animals. They recovered a hemagglu-
tinating virus in chicken embryos inoculated with pneumonic 
lung material by way of the amniotic sac and in mice inocu­
lated intranasally. The virus recovered was antigenically 
related to parainfluenza virus but was not related to the 
human influenza viruses or Newcastle disease virus. 
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Other Viruses 
Verlinde and Verstèeg (156) recovered' a Coxsackie type 
A5 virus from pigs involved in a small outbreak of pneu­
monitis affecting both children and pigs. Convalescent 
serum from*the children and the pigs neutralized the virus. 
Sibalin and Lannek (135) recovered a cytopathic swine 
enteric virus in pig kidney cell cultures. This virus, upon 
inoculation into colostrum-deprived piglets, produced a non­
purulent pneumonitis and encephalomyelitis. 
Kojnok _et al. (68) recovered pseudorabies virus from 
the lungs, brain, and blood of pneumonic pigs and produced 
pneumonia by intratracheal inoculation of pigs with the 
virus. 
Bacteria of Primary Etiological Significance 
Many bacterial species have been incriminated as 
primary agents of swine pneumonia, but only a few have been 
confirmed experimentally. Sippel et_ _al. (136) and Ellis and 
Schroeder (40) recovered Chromobacterium violaceum from out­
breaks of acute, frequently fatal pneumonia. Sippel _et al. 
(136) used pure cultures to reproduce the condition by oral 
inoculation. Thai and Rutqvist (14-9) produced extensive 
pneumonic lesions in swine by inoculation of pure cultures 
of Corynebacterium equi recovered from natural cases. 
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A Hemophilus sp. was reported by Pattison _et al. (91 ) 
to produce a characteristic pneumonia and pleuritis when 
inoculated in combination with hog cholera virus. Later, 
Matthews and Pattison (84) identified a similar organism as 
a member of the Hemophilus parainfluenza group and found 
that typical lesions could be produced if a significant num­
ber of organisms were inoculated. 
Phillips (95), Genest (48), .Ray (106), and Dunne et al. 
(38) have incriminated Bordetella bronchiseptica as an agent 
of pneumonia in swine although they did not attempt to 
transmit the disease with cultures of the organism. Joubert 
et al. (64) described a pneumonia which accounted for 90 
deaths over a period of 2 years in a herd.of 300 animals. 
B. bronchiseptica was regularly recovered from the pneumonic 
lesions and antibodies against the organism could be demon­
strated in sick and recovered pigs. These workers could not 
cause the disease in experimental pigs but the intratracheal 
inoculation of 2 pigs from the infected herd caused typical 
pneumonia and death. L'Ecuyer _et al. (78) described an out­
break of pneumonia in an Iowa herd from which they recovered 
B. bronchiseptica. In addition, they succeeded in trans­
mitting the disease to respiratory disease-free pigs by in­
oculation of pure cultures of the organism. The disease ob­
served in naturally occurring cases affected only young pigs 
and was characterized by chronic cough, unthriftiness, and 
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variable mortality. Lesions were limited to the lungs and 
were characterized by focal to lobar bronchopneumonia. 
Histological lesions in both natural and experimental infec­
tions were characterized by hyperemia and by lymphocytic 
infiltration of the mucosa of the bronchioles. The alveoli 
contained a serofibrinous exudate mixed with neutrophiles 
and lymphocytes. Cases of approximately 2 weeks duration 
were characterized by interalveolar fibrosis and'epitheliali-
zation of the alveolar lining. Alveolar exudate consisted 
of neutrophiles and septal cells. Degenerative changes were 
present in the bronchial and bronchiolar epithelium. In 
addition, there was infiltration of lymphocytes in these 
areas. In the areas of alveolar interstitial fibrosis there 
were numerous foci of necrosis and hemorrhage. 
Bacteria of Secondary Etiological Significance 
Spray (138), Thorp and Tanner (151),  Morcos et al. 
(87), Rislakki (107), Palyusik (89), and Ryu (ill) reported 
bacteriological studies on large numbers of pneumonic swine 
lungs without attempting to determine if the organisms re­
covered were of primary etiological significance. The re­
sults of their work are summarized in Table 1. 
As indicated in Table 1, Pasteurella multocida is one 
of the most frequently recovered bacteria from pneumonic 
swine lungs. Some workers have considered this organism to 
Table 1. Microorganisms recovered from normal and pneumonic swine lungs 
Worker Spray Thorp Morcos Rislakki Palyusik Ryu 
Lung sa PNPNPNF P P 
Total lungs 314 100 166 38 100 20 30 ' 49 108 
Per cent organisms 
recovered 
Pasteurella 54 4 2? 55 17 58 
Streptococci 35 12 40 1 5 17 +b 40 
Alcaligenes 3 3 7 5 40 
Salmonella 5 3 + 25 
Staphylococcus 5 3 + 
Corynebacterium 35 12 
Hemophilus 3 10 5 
Diphtheroids 25 + 
Diplococci 6 6 
Coliforms 10 + 
Pseudomonas 3 3 
Listeria 1 
aP = grossly pneumonic; N = grossly normal. 
^Less frequently recovered'organisms in unstated percentages. 
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be the primary cause of pneumonia in pigs. In recent years 
the tendency has developed to consider P_. multocida as a 
secondary invading organism. There are only a few reports 
of attempted production of pneumonia in experimental pigs 
with this organism. Schofield and Ingle (119) recovered P. 
suisepticus (_P. multocida) from over 50 per cent of cases of 
acute lobar pneumonia. They could not produce the disease 
experimentally during an extensive series of trials in which 
they used both acute phase pneumonic lung suspensions and 
pure cultures of the organism inoculated into both normal 
and cold-stressed animals. Luke (80) reported an outbreak 
of pasteurellosls in swine in which some deaths occurred but 
which in most cases was characterized by chronic cough. He 
recovered _P. multocida from these animals but failed in 
attempts to produce the disease experimentally in pigs. 
Placidi _et al. (99) recovered .J?. multocida from pigs in 
several herds undergoing acute bronchopneumonia with high 
mortality. They transmitted the disease with acute phase 
blood inoculated subcutaneously into pigs. The experi­
mental infection was characterized by a serofibrinous 
pleuritis and pneumonia. They did not attempt to produce 
the disease with cultures. Kernkamp (65) felt that 
pasteurellosls rarely occurred as a primary infection in 
swine. Jéan-Blain et al. (62) frequently found pneumonia 
accompanied by pleuritis, pericarditis, and arthritis in 
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pigs. They felt that infection with J?, multocida, in vita­
min A deficient animals, was the cause of the disease. They 
produced the disease experimentally with cultures of P. 
multocida administered as aerosols to pigs fed a vitamin A 
deficient diet and housed under poor conditions. Following 
the third aerosol administration of cultures, 60 days after 
the first administration, the pigs coughed. Subsequent 
necropsy revealed pneumonia, pleuritis and pericarditis. 
Control pigs remained free of pneumonia. 
Switzer (145) recovered Mycoplasma hyorhinis from 20 of 
28 pneumonic swine lungs and associated this organism with 
the serositis lesions frequently present with swine pneu­
monia. Carter and Schroder (24) recovered Mycoplasma sp. 
from the lungs of 14 swine, 6 of which had pneumonia and 8 
of which had pneumonia complicated by serositis. Twenty-
three normal swine .lungs collected at a packing plant were 
free of this organism. More recently, Carter and Schroder 
(25) demonstrated that intranasal inoculation of swine with 
Mycoplasma sp. did not produce pneumonia whereas pneumonic 
lung suspensions or filtrates free of bacteria or Mycoplasma 
sp. produced typical lesions when administered by the same 
route. Betts jet al. (8) reported recovering Mycoplasma sp. 
from many cases of pneumonia. They could not produce pneu­
monia by inoculation of pneumonic lung suspensions free of 
these organisms. Forray (45) recovered Mycoplasma sp. from 
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3 out of 20 pigs dead of bronchopneumonia. Switzer^ has 
repeatedly failed to produce pneumonic lesions in swine 
using pure cultures of M. hyorhinis. 
Pneumonic Conditions of Unknown Etiology 
Hjârre (55) described a pneumonia in pigs characterized 
histologically by the presence of many giant cells. He 
termed the disease "giant cell pneumonia" and found it was 
accompanied by a vegetative dermatitis. Betts et al. (10) 
mentioned 55 cases of pneumonia characterized microscopi­
cally by large numbers of giant cells. They found the 
disease to be clinically different from virus pneumonia. 
Twenty-one of these cases could not be distinguished 
macroscopically from virus pneumonia of pigs. 
Young and Underdahl (162) has reported the occurrence 
of a pneumonia in pigs characterized microscopically by a 
marked interstitial reaction. They felt that the lesion 
was similar to that seen in primary atypical pneumonia of 
man. 
^Switzer, W. P. Ames, Iowa. Mycoplasma hyorhinis 
infections in pigs. Private communication. 1961. 
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MATERIALS AND METHODS 
Procurement of Specimens 
Swine lungs were collected from several packing plants 
in Iowa, at' the Iowa Veterinary Diagnostic Laboratory, and 
in a few cases from experimental animals. These specimens 
were refrigerated for only 2 to 4 hours prior to being cul­
tured for bacteria and Mycoplasma sp. Portions of each 
specimen were fixed in Bouin's solution, and the remaining 
portions were frozen at -20°C. The inoculum was prepared by 
either mincing the lung tissue with scissors or grinding it 
in a glass tissue grinder with Dulbecco's phosphate buffer 
(37) plus 10 per cent calf serum, at an approximate 1:10 
dilution.. The preparations were then centrifuged at 2000 
RPM for 20 minutes and the supernatant fluids either fil­
tered through cellulose membranes* of 0.65 microns APD, or 
treated with 1000 units of penicillin and 1 mg. of strepto­
mycin per ml. for 1 hour prior to inoculation of cell cul­
tures, chicken embryos, mice or pigs. 
Growth of Microorganisms 
Bacteria 
All swine lungs were cultured on 5 per cent horse blood 
*Millipore Filter Corporation, Bedford, Mass. 
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agar by streaking the surface of the medium either with 
pieces of incised lung tissue or with a loopful of expressed 
fluids. The inoculated plates were then streaked with a 
Micrococcus -sp. previously shown to enhance the growth of 
H. suis. Plates were incubated for 24 to 48 hours at 37°C. 
Bacteria were identified by routine morphological and bio­
chemical methods. 
M. hyorhinis was isolated in beef-heart-infusion-
turkey-serum (BHI-TS) medium inoculated with tissue or ex­
pressed fluids from lung specimens. One blind passage was 
made into fresh medium after 48 hours incubation. The sub­
culture was incubated for 48 hours. Identification of the 
organism was carried out according to the methods of 
Switzer (143). 
Cell cultures 
Cell culture media employed were : 1. Madin's (82) 
modification of Hank's balanced salt solution (hereafter re­
ferred to as Madin's balanced salt solution) plus 0.5 per 
cent lactalbumin enzymatic hydrolysate (LH) and 10 per cent 
calf serum (CS); 2. Medium 199* plus 10 per cent CS; 3. 
Madin's balanced salt solution plus 0.5 per cent LH, 10 per 
cent CS, and Eagle's enrichment;* and 4. Earle's (39) 
*Microbiological Associates, Bethesda, Maryland. 
"balanced salt solution plus 0.5 per cent LH and 10 per cent 
CS. All cell culture media contained 200 units of peni­
cillin and 100 micrograms of streptomycin per ml. Swine 
kidney, lung and testicle tissues were collected aseptically 
from disease controlled pigs 1 to 6 weeks old. The tissues 
were minced with scissors, washed thoroughly with "balance 
saline A (BSA) of Marcus _et al. (83) and trypsinized with 
0.33 per cent Trypsin 1:250* in BSA. Digested cells were 
collected and chilled. The cell suspension was then centri-
fuged at 1000 RPM for 10 minutes, the supernatant discarded, 
and the sedimented cells washed at least twice in complete 
medium. The washed cells were then centrifuged for 10 
minutes at 600 RPM, the sedimented cells were resuspended in 
complete medium at a 1:300 dilution and dispensed into cul­
ture tubes. All cultures were incubated at 37°C. and kept 
stationary for at least 24 hours. When the cell sheet was 
about 75 per cent complete, the growth medium was removed 
and replaced by suitable maintenance medium. Primary swine 
kidney and testicle cells were grown in Madin's balanced 
salt solution plus 0.5 per cent LH and 10 per cent CS. They 
were maintained in Earle's balanced salt solution plus 0.5 
per cent LH and 10 per cent CS. Swine lung tissue was sub­
mitted to a 4 to 6 hour predigestion in trypsin at 4°C. 
*Difco Laboratories, Detroit, Michigan. 
36 
prior to trypsinization. This additional step markedly in­
creased the viability of the lung cell suspensions. The 
growth and maintenance medium for primary swine lung cell 
cultures was Madin's balanced salt solution plus 0.5 per 
cent LH, 10 per cent CS, and Eagle's enrichment. Chicken 
embryo kidney tissue was harvested from 18 to 20 day old 
embryos and handled in identical fashion to swine kidney 
tissue. Primary swine bone marrow cells were harvested by 
aspiration from the medullary canal of the femur of baby 
pigs. The harvested cells were suspended in complete growth 
medium and left standing for 5 to 10 minutes to permit de­
position of bone spicules. The supernatant suspension was 
washed in complete growth medium and centrifuged at 600 
RPM for 10 minutes. This was repeated at least once'to re­
move the erythrocytes. The washed cells were then suspended 
at a 1:300 dilution in medium 199 plus 20 per cent CS. The 
suspension was then dispensed into tubes and incubated at 
37°C., in a stationary position. Maintenance medium was 
medium 199 plus 10 per cent CS. 
The serial passage cell lines employed in this study 
were swine kidney,* swine kidney tumor,* swine testicle,* 
*0btained through the courtesy of Mr. J. Songer of the 
Hog Cholera Research Station, Agricultural Research Service, 
United States Department of Agriculture, Ames, Iowa. 
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swine bone marrow,* swine lymph node,** bovine kidney,* and 
human cervical epidermoid carcinoma (HeLa).*** Table 2 sum­
marizes the information available on these cell lines. 
All of the serial passage cell lines were adapted to 
and cultivated in Madin's balanced salt solution plus 0.5 
per cent LH and 10 per cent CS. In general, the same medium 
was used for maintenance of cultures after inoculation. 
Serial cell lines were transferred by replacing the 
growth medium with 1/4 as much Madin's balanced salt solu­
tion plus 0.5 per cent LH and 0.15 per cent disodium dihy-
drogen ethylenediaminetetraacetate dihydrate**** (Titraver). 
This solution was adjusted to pH 7.6 with a 7.5 per cent 
sodium bicarbonate solution. The flasks were then incubated 
for. 10 to 15 minutes at which time the cells were easily 
shaken loose from the glass. Enough complete growth medium 
was then added to the suspended cells to make 3 times the 
*0btained through the courtesy of Mr. J. Songer of 
the Hog Cholera Research Station, Agricultural Research Ser­
vice, United States Department of Agriculture, Ames, Iowa. 
**0btained through the courtesy of Dr. P. D. 
Gustafson, School of Veterinary Science and Medicine, Purdue 
University, Lafayette, Indiana. 
***0btained through the courtesy of Dr. W. 0. Wood, 
Animal Disease and Parasite Research Division, Agricultural 
Research Service, United States Department of Agriculture, 
Beltsville, Maryland. 
****Hach Chemical Company, Ames, Iowa. 
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Table 2. Date of establishment and number of passages of 
the serial passage cell cultures 
Number of 
Cell culture Date established passages 
Swine kidney January 22, 1958 108 
Swine kidney tumor October 18, i960 9 
Swine testicle August 26, 1958 83 
Swine bone marrow March 18, 1958 101 
Swine lymph node February 21, 1957 75a 
Bovine kidney• March 25, 1959 45 
HeLab February 8, 1951 _c 
^Approximate passage number. 
bThis strain of HeLa (49, 11-7) cells was designated 
"Columbia University." 
cNumber of passages unknown. 
volume of the original growth medium. After vigorous 
mixing, the cell suspension was dispensed into flasks and 
incubated at 37°C. 
The cell cultures, both primary and serial, were ex­
amined daily. When the cell sheet was about 75 per cent 
complete, the medium was changed. The cultures were then 
inoculated with cell culture fluids at a 1:20 final dilution 
or with pneumonic lung suspensions at a final dilution of 
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1:400. After inoculation, all cultures were examined daily, 
by brightfield illumination at X100, for cytopathic effects. 
In trials where the incubation period was prolonged, the 
maintenance medium was usually changed after 3 to 4 days. 
At the termination of the trial period, the culture fluids 
or in most cases the fluids plus cells, after mechanical re­
moval from the glass, were harvested and either inoculated 
immediately or frozen. All specimens were passaged in a 
second series of cell cultures before being considered nega­
tive for cytopathic agents. Figures 1 through 12 illustrate 
the appearance of the 12 cell types used in this study. 
Chicken embryos 
Chicken embryos, 8 to 10 days old, were inoculated with 
0.1 ml. of a 1:20 pneumonic lung suspension by either the 
allantoic or amniotic sac routes, and in all cases by the 
yolk sac route. After 5 to 7 days incubation all specimens 
were passaged in a second series of chicken embryos before 
being considered negative. Dead embryos as well as those 
surviving at the end of the incubation period were chilled 
and examined for macroscopic lesions. For experimental 
transmission studies, chicken embryos were inoculated by 3 
routes. Six-day-old embryos were inoculated by way of the 
yolk sac, 11-day-old embryos were inoculated by way of the 
chorioallantoic sac, and 14-day-old embryos were inoculated 
Figure 1. Uninoculated primary swine kidney cell 
culture. Giemsa stain. Xl6o. 
Figure 2. Uninoculated primary swine testicle cell 
culture. Giemsa stain. Xl60. 
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Figure 3. Uninoculated primary swine lung cell 
culture. Giemsa stain. Xl60. 
Figure 4. Uninoculated primary chicken embryo kidney 
cell culture. Giemsa stain. Xl60. 
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Figure 5. Uninoculated primary swine bone marrow cell 
culture. .Giemsa stain. XI60. 
Figure 6. Uninoculated serial passage swine kidney cell 
culture. One hundred and sixteenth passage. 
Giemsa stain. Xl60. 
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Figure 7. Uninoculated serial passage swine kidney 
tumor cell culture. Thirteenth passage. 
Giemsa stain. Xl60. 
Figure 8. Uninoculated serial passage swine testicle 
cell cultures. Ninety-fifth passage. 
Giemsa stain. XI60. 
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Figure 9• Uninoculated serial passage swine lymph node 
cell culture. Approximately eighty-fifth 
passage. Giemsa stain. Xl6o. 
Figure 10. Uninoculated serial passage swine bone 
marrow cell culture. One hundred and 
tenth passage. Giemsa stain. Xl60. 
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Figure 11. Uninoculated serial passage bovine kidney 
cell culture. Fifty-fourth passage. 
Giemsa stain. XI60. 
Figure 12. Uninoculated serial passage human epidermoid 
carcinona of the cervix (HeLa) cell culture. 
Giemsa stain. Xl60. 
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by way of the amniotic sac. Six embryos were used for each 
route of inoculation. At the end of the passage interval, 
the embryos were killed by chilling and necropsied. At 
necropsy, fluids, membranes, lungs and liver were collected 
and pooled. The pools were then diluted approximately 1:10 
in Dulbecco1 s phosphate buffer plus 10 per cent CS, and 
ground in a glass tissue grinder. 
Mice 
Three to 4-week-old Garworth Farm (CWF) mice were in­
oculated, while under light ether anesthesia, with a 1:20 
pneumonic lung suspension by both the intranasal and intra­
peritoneal routes. The mice were observed for 10 to 14 
days, after which time they were killed with chloroform and 
necropsied. Lung and spleen tissues were collected from all 
groups of mice and suspended at: a 1:10 dilution in 
Dulbecco1 s phosphate buffer plus 10 per cent CS. One addi­
tional passage was made in 4 mice before the specimen was 
considered negative. 
Pigs 
The pigs used in all experimental studies were from a 
disease controlled swine herd, maintained in strict quaran­
tine for 7 years. All pigs were naturally farrowed and 
raised with the sow until weaned and moved to isolation 
areas for transmission studies. Pigs used for inoculation 
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studies were self-fed an antibiotic-free, pelleted or 
.crumbled complete feed and water. Pigs were usually given 
a series of 3 or 4 inoculations of tissue suspensions or 
cell culture fluids. Three to 5 ml. of inoculum was admin­
istered intratracheally on the first day, and the same 
amount was given intranasally on each of the next 2 or 3 
days. The pigs were examined daily for 3 or preferably 4 
weeks at which time they were rendered unconscious by elec­
trocution or with barbiturates, and exsanguinated. All 
animals were examined for gross lesions at necropsy and 
representative portions of the pulmonary lobes were, col­
lected for histopathological study. 
Virus strains 
The swine influenza virus used was the Iowa 15 strain 
isolated by Shope. Since its isolation, this strain has 
been passaged serially 232 times in mic.e and 18 times in 
chicken embryos. The virus was propagated in chicken 
embryos by chorioallantoic sac inoculation. Chicken embryos 
dying after inoculation were chilled and fluids harvested. 
The chorioallantoic fluids which produced rapid agglutina­
tion of chicken red blood cells were pooled and frozen at 
-20°C. until needed. 
Eleven pneumonic lung specimens were examined and 3 of 
these (isolates #1, #6, and #11) were found which were: 
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1. free of secondary bacteria, particularly M. hyorhinis, 
and 2. experimentally transmissible to susceptible pigs. 
Portions of the pneumonic lesions produced in experimental 
pigs were harvested at necropsy, minced with scissors, dis­
pensed into vials, and frozen at -35°C. in a dry ice chest. 
Prior to freezing, portions of.the pneumonic lesions were 
inoculated on horse-blood agar streaked with a Micrococcus 
sp. nurse colony, into BHI-TS medium, or in some cases into 
primary swine kidney cell cultures. These 3 techniques 
regularly failed to recover bacteria, particularly M. 
hyorhinis, or cytopathic agents from the 3 virus strains. 
Vials of inoculum were discarded after being thawed once. 
Histotechnique 
Tissue sections 
Within 2 to 4 hours after collection, tissues were sub­
merged in Bouin's fixative and stored at 4°C. After a mini­
mum of 48 hours the tissues were removed from the fixative, 
trimmed and stored in 70 per cent ethyl alcohol. All, 
tissues were processed by the paraffin technique and sec­
tioned at 6 microns. Sections were stained with Harris1 
haematoxylin, by the regressive method, and counterstained 
with eosin. 
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Cell culture coverslips 
Cell culture coverslips were prepared by seeding cell 
suspensions into flasks containing 4 to 6 dispersed cover-
slips or in Leighton tubes containing coverslips. Virus 
inoculations were carried out in the same manner as for 
•regular cell cultures.• After the desired incubation 
periods, the coverslips were removed and fixed according to 
the staining procedure to be used. The Giemsa staining pro­
cedure used was that described by Switzer (l43). For 
acridine orange staining, the method of Crowther and Melnick 
(28) was employed. Coverslips were fixed in Carnoy's, 
stained at pH4, and mounted-on slides with a permanent non-
fluorescent mounting medium.* 
Fluorescent antibody studies were carried out by the 
indirect method. Antiserum was produced in rabbits against 
virus strains #6 and #11. Immunization was attempted with 
crude .pneumonic lung suspensions treated with penicillin and 
streptomycin. The first inoculation consisted of 6 ml. of 
lung suspension with oil-in-water adjuvant containing 
Mycobacterium butyricum antigen, as described by Carpenter 
(22). This first inoculation was given at 2 sites subcu-
taneously in the flank. Four more inoculations of 3 ml. 
*Harleco fluorescence mountant. Hartman-Leddon 
Company, Philadelphia, Pa. 
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each of crude lung suspension were given intramuscularly at 
6 day intervals. Fifteen days after the last inoculation, 
the rabbits were bled and the serum harvested. This serum 
was kept frozen until used. Normal serum was collected in 
the same manner from uninoculated rabbits. 
For fluorescent antibody studies, the cell culture 
coverslips were fixed either in ethyl alcohol or acetone. 
Fixation was carried out at room temperature or at -65°C.; 
in the former case the coverslips were dried at 37°C. and in 
the latter case at -30°C., before staining. The rabbit 
antiglobulin was of goat origin.* The indirect fluorescent 
antibody staining procedure followed was that described by 
Chanock et al. (26). In most cases the coverslips were 
counterstained for 5 minutes with rhodamlne bovine albumin.** 
Stained coverslips were mounted with a permanent, non-
fluorescent mounting medium. 
Fluorescence examinations were carried out with a 75 
watt mercury vapor burner and a binocular microscope equipped 
with a paraboloid darkfield condenser. A blue glass filter 
was used on the light source and a complementary yellow 
(Wratten G15) gelatin filter was used in the eyepieces. 
*Microbiological Associates, Bethesda, Maryland. 
**Harleco fluorescence mountant. Hartman-Leddon 
Company, Philadelphia, Pa. 
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RESULTS 
Microbiologic Survey of Grossly Normal 
and Pneumonic Swine Lungs 
In order to establish that the methods used would allow 
the detection of swine influenza virus and of the agent of 
virus pneumonia of pigs, the following trials were made. 
Four 3-day-old pigs were instilled intranasally with 2 ml. 
of swine influenza virus and kept in isolation. Two animals 
were killed 5 days after inoculation. These pigs had small 
areas of purple-colored consolidation involving the right 
anterior and cardiac lobes of the lung. Normal lungs were 
found in the 2 remaining animals killed 17 days postinocula-
tion. Bacteria, particularly M. hyorhinis, were not re­
covered from the lungs of these 4 pigs. Portions of the 
lungs were ground and filtered through a cellulose membrane 
of 0.65 micron APD and inoculated into primary swine kidney 
cell cultures, chicken embryos and mice. Swine influenza 
virus was recovered from the lungs of the 2 pigs killed 5 
days postinoculation. The virus was recovered in cell cul­
tures, chicken embryos inoculated by the chorioallantoic 
route, and in mice inoculated intranasally. The 2 pigs ex­
amined 17 days postinoculation failed to yield swine influ­
enza virus. 
Three 8-week-old pigs were inoculated intratracheally 
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with 2 ml. of a 0.65 micron APD cellulose membrane filtrate 
of pneumonic lung suspensions from the fourth pig passage of 
pneumonia virus strain #1. Three virus control pigs re­
ceived 2 ml. of unfiltered pneumonic lung suspension by the 
same route. The animals were killed 21 days postinocula-
tion. Two of the 3 virus control animals had small pneu­
monic foci scattered throughout the anterior and cardiac 
lobes. One of the 3 filtrate inoculated animals had an 
early diffuse consolidation throughout the antero-ventral 
portion of the lungs. No gross lesions were found in 1 
virus control and in 2 of the pigs inoculated with the fil­
trate. Histopathological examination revealed changes 
typical of virus pneumonia of pigs in the grossly affected 
animals. 
The gross lesions present in these animals were 
reddish-grey to purple-colored and were localized in the 
anterior and cardiac lobes. The.lesions were clearly de­
marcated from the normal lung tissue. Microscopic lesions 
are characterized by: 1. peribronchiolar and perivascular 
infiltration and accumulation of lymphocytes, with lympho­
cytic infiltration of the submucosa of the bronchioles; 2. a 
marked interstitial alveolar thickening and cellular infil­
tration; 3. intra-alveolar exudation of alveolar cells, 
lymphocytes, plasma cells, and occasional neutrophiles; and 
4. the absence of lesions of the bronchiolar epithelium and 
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of the pleura. These changes were not always present in 
combination in the pneumonic lungs of a particular animal. 
A great deal of variation was found to occur from animal to 
animal receiving the same inoculum and from one area to 
another within the same pneumonic lung. In cases where ex­
tensive gross lesions were found, all of these changes were 
usually present. Mild cases were usually characterized by 
focal lymphocytic and alveolar interstitial reactions of 
moderate extent. 
Figures 13 and 1-4 illustrate the gross lesions present 
in the lungs of pigs inoculated with crude pneumonic lung 
suspensions. Figures 15, 17, 19, and 20 illustrate the 
microscopic lesions present in pigs inoculated with crude 
pneumonic lung suspensions. 
After establishing that the systems used would detect 
swine influenza virus in pneumonic swine lungs, and that the 
cellulose membrane filters allowed passage of the agent of 
virus pneumonia, a survey of the bacteria, viruses, and 
rickettsia present in 86 grossly pneumonic and 15 grossly 
normal swine lungs was undertaken. 
Only 1 isolate of 1 viral agent (virus #l) was re­
covered from the 86 pneumonic specimens. The virus was re­
covered in primary swine kidney cell cultures where on 
initial passage it produced a severe cytopathic effect which 
was identical with the type 3 described by Switzer and 
Figure 13. Pneumonic area involving the lower 1/2 of 
the right cardiac lobe of the lungs of a 
pig inoculated with pneumonic lung sus­
pensions of first passage in pigs of virus 
pneumonia strain #6. 
•6l 
Figure l4. Pneumonie area involving the right anterior 
and cardiac lobes, the left cardiac lobe, 
and the intermediate lobe of the lungs of a 
pig inoculated with pneumonic lung suspen­
sions of third passage of virus pneumonia 
strain #6. 
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Figure 15. Peribronchiolar (l) and perivascular (2) 
lymphoid hyperplasia and infiltration, and 
alveolar cell reaction (3) seen in a pig 
inoculated with crude lung suspensions from 
third passage virus pneumonia virus strain 
#6. Gross lesions were present. 
Haematoxylin and eosin. XI60, with a green 
(Wratten #11) filter. 
Figure 16. Peribronchiolar (l) and perivascular (2) 
lymphoid hyperplasia and infiltration seen in 
a pig inoculated with HeLa cell culture 
fluids from a pool of second, 7-day passage 
of virus strains #6 and #11. Gross lesions 
were extensive. Haematoxylin and eosin. 
Xl60, with a green (Wratten #11) filter. 
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Figure 1J. Pneumonic swine lung showing alveolar inter­
stitial thickening (l) in addition to 
peribroncniolar lymphoid hyperplasia and 
infiltration (2). This pig was inoculated 
with crude lung suspensions from second 
passage in pigs of pneumonia virus strain 
#6. Haematoxylin and eosin. X60, with a 
green (Wratten #11) filter. 
Figure 18. Alveolar interstitial thickening in the 
lungs of a pig inoculated with HeLa cell 
culture fluids from a pool of second, 7-day 
passage of virus strains #6 and #11. Gross 
lesions were extensive. Haematoxylin and 
eosin. Xl60, with a green (Wratten #11) 
filter. 
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Figure 19. Alveolar exudate consisting of alveolar 
cells, lymphocytes and plasma cells, present 
in the lungs of a pig inoculated with lung 
suspensions from third passage in pigs, of 
virus pneumonia strain #6. Gross lesions 
were present. Haematoxylin and eosin. XI60. 
Photographed using a green (Wratten #11) 
filter. 
Figure 20. Enlargement of a portion of the field seen 
in Figure 19. X400. 
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Figure 21. Alveolar exudate consisting of alveolar cells 
lymphocytes, plasma cells, and neutrophiles, 
present in a pig inoculated with a pool of 
fluids from second, 7-day passage of virus 
strains #6 and #11, in HeLa cells. Gross 
lesions were present. Haematoxylin and 
eosin. X300. Photographed using a green 
(Wratten #11) filter. 
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L'Ecuyer (146). This agent was not pathogenic for chicken 
embryos or mice. The intratracheal inoculation of fluids 
from the second primary swine kidney cell culture passage of 
virus #1 failed to produce either symptoms or lesions in 4 
pigs. Nasal and rectal swabs collected at necropsy 4 weeks 
postinoculation were negative when inoculated into primary 
swine kidney cell cultures. Figures 22 and 23 illustrate, 
respectively, the uninoculated control cell culture and the 
cytopathic effect produced by virus 1 on primary swine 
kidney cells. 
Swine influenza virus was not recovered from the 
pneumonic or normal lung specimens by inoculation of cell 
cultures, chicken embryos or mice. 
Mycoplasma hyorhinis was recovered from 44 of the 86 
pneumonic lungs, but from only 1 of the 15 grossly normal 
lungs. Pure cultures of M. hyorhinis were recovered from 9 
pneumonic lungs. M. hyorhinis plus P_. multocida were re­
covered from 21 specimens. Other organisms were present in 
8 of these 21 cases. Streptococcus sp. were recovered in 
combination with M. hyorhinis in 11 specimens. Although 
most of the M. hyorhinis isolates were recovered in BHI-TS 
medium, several isolates were recovered only in cell cul­
tures or in chicken embryos inoculated by the yolk sac 
route. These isolates could subsequently be grown in BHI-TS 
medium. In primary swine kidney cell cultures, these 
Figure 22. Primary swine kidney cell culture control 
processed in parallel with the inoculated 
coverslip pictured in Figure 23. Giemsa 
stain. XI60. 
Figure 23. Virus #1 cytopathic focus in a primary swine 
kidney cell culture. Giemsa stain. Xl60. 
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organisms produced a cytopathic effect similar to the type 1 
of Switzer and L'Ecuyer (146). This cytopathic effect was 
frequently not observed until 1 additional passage had "been 
made and in 1 case no effect was seen until the fourth con­
secutive 7 day passage in the cell cultures. The mortality 
pattern and lesions produced in chicken embryos resembled 
those described by Switzer (143). Figures 24 and 25 illus­
trate the cytopathic effect produced by M. hyorhinis in 
primary swine kidney cell cultures. 
Pasteurella multocida was recovered from 35 of 86 
pneumonic lungs. No isolations were made from the normal 
lungs. Seven of the isolations were in pure culture, 21 
were made in conjunction with M. hyorhinis and 9 with 
Streptococcus sp. 
The streptococci recovered were grouped according to 
the type of hemolysis produced on 5 per cent horse blood 
agar. Fifteen beta-hemolytic streptococci were recovered 
from the pneumonic lungs. None were cultured from the 
normal lungs. None of the beta-hemolytic streptococci were 
recovered in pure culture. Mixed infections of beta-
hemolytic streptococci with M. hyorhinis occurred in 7 
cases, with P_. multocida in 4 cases, with alpha-hemolytic 
streptococci in 7 cases, and with micrococci in 9 cases. 
Streptococcus equisimili s was the most frequently recovered 
species of beta-hemolytic streptococcus. The other 
Figure 24. Mycoplasma hyorhinis cytopathic effect in 
primary swine kidney cell culture. Giemsa 
stain. XI60. 
Figure 25. Mycoplasma hyorhinis (circle) on the cellular 
membrane and in the cytoplasm of the cells in 




beta-hemolytic streptococci could not be classified, with 
certainty, by the methods used. 
Fifteen strains of alpha-hemolytic streptococci were 
recovered from the 86 pneumonic lungs and 5 were recovered 
from the grossly normal lungs. These organisms formed small 
colonies of 1 mm. or less in diameter and produced a narrow 
zone of greenish alpha-hemolysis on horse blood agar. The 
streptococci from both sources were quite similar in 
morphology, growth characteristics, and type of hemolysis 
produced. The biochemical reactions observed revealed 
that these alpha-hemolytic streptococci were markedly 
heterogeneous. Table 3 illustrates the biochemical re­
actions of some of these streptococci. Six were isolated 
from the pneumonic lungs.in combination with M. hyorhinis, 
4 in combination with J?. multocida, and 7 In combination 
with micrococci. Five non-hemolytic streptococci were re­
covered from the pneumonic lungs. Two of these isolates 
were recovered in pure culture. The three other isolates 
were recovered in conjunction with a number of other 
organisms. 
Corynebacterium pyogenes was recovered from 3 pneumonic 
specimens. None of these organisms were present in pure 
culture. In 1 case from which _P. multocida and C_. pyogenes 
were recovered, the lung, in addition to showing extensive 
areas of purple-colored consolidation, was covered with 
Table 3. Biochemical reactions of alpha-hemolytic streptococci 
Source of culture Grossly pneumonic lungs Grossly normal lungs 
Number of isolates 
giving similar reactions 2 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 
Lactose _a +b + - - + + 
-
+ + + + + + + 0 + 
Maltose + + + + 
-
+ + + + oc + 0 + + + + + 
Glucose' + - + + + + + + + 0 + 0 + + + + + 
Mannitol - + - + - - + + - + - - + + -
-
-
Sucrose + + + + + + + + + 0 + 0 + + + + + 
Salicin + + + + + + + + + + + + + + - + + 
Trehalose + + + + + + + + 0 - + + + 










- + — 
Inulin - - - + - - - - + - + + + 
- - + + 
Raffinose - - - - - + - - + - + + + + + + + 
Sodium Hippurate + — + + — — + + 0 + — 0 + — _ — 
aAcid not produced. 
^Acid produced. 
cNot done. 
Table 3 (Continued) 
Source of culture Grossly pneumonic lungs Grossly normal lungs 
Number of isolates 
giving similar reactions 2 1 1 1 1 1 1 1  1 1 2 1 1 1 1 1  1 
LITMUS MILKd 
Acid + + + - - - -f -b + 
Coagulation + + — — - + -f- + 
Reduction — -f — -
d-In the case of litmus milk the + and - signs indicate only the presence or 
absence of the reactions. 
r 
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raised abscesses varying from 1 to 3 centimeters in diameter. 
Organisms closely resembling Corynebacterium renale 
were recovered from 3 pneumonic specimens. None of these 
were in pure culture and no gross lesions appeared to 
characterize infection with these organisms. 
Other organisms recovered were Corynebacterium sp., 
Hemophilus suis, Bordetella bronchiseptica, Salmonella 
typhimurium, Escherichia coli, Proteus sp., Listeria 
monocytogenes and Micrococcus sp. None of these organisms 
was recovered in pure culture and in most cases they 
appeared as only a few colonies on the original agar cul­
ture . 
No rickettsia were recovered from the specimens by 
either yolk sac inoculation of chicken embryos or by intra­
peritoneal and intranasal inoculation of mice. Table 4 
summarizes the results of the microbiological studies. 
Transmission Studies with the Agent of 
Virus Pneumonia of Pigs 
Cell culture transmission studies 
Attempts were made to obtain multiplication of virus 
strains #6 and #11 of virus pneumonia in 12 different types 
of cell cultures. The viruses were subjected to 2 passages 
at 7 day intervals. The second passage cell culture fluids 
were inoculated into susceptible pigs. This constituted a 
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Table 4. Organisms recovered from 86 pneumonic and 15 
grossly normal swine lungs 
86 pneumonic 15 grossly 
Organisms recovered lungs normal lungs 
Number Per cent Number Per cent 
Negative for organisms 10 11 .6 7 46, .6 
Rickettsia 0 0 0 0 
Virus 1 1 .1 0 0 
Mycoplasma hyorhinis 44 51 .1 1 6, .6 
Pasteurella multocida 35 40 .7 0 0 
Beta-hemolytic streptococci 15 18 .5 0 0 
Alpha-hemolytic streptococci 15 18 .5 5 33. ,3 
Non-hemolytic streptococci 5 5 .8 0 0 
Corynebacterium pyogenes 3 3 .5 0 0 
Corynebacterium renale 3 3 .5 0 0 
Corynebacterium-like 1 1 .1 3 20. ,0 
Hemophilus suis 2 2, .3 0 0 
Bordetella bronchiseptica 1 1, .1 • 2 13. 3 
Salmonella typhimurium 1 1 .1 0 0 
Escherichia coli 8 9, .3 3 20. 0 
Proteus sp. 4 4 .6 2 13. • 3 
Listeria monocytogenes 1 1, .1 0 0 
Micrococci 20 23. 2 8 53. 3 
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total of 14 days incubation of 37°C. and a dilution of 
8 x 10~3 of the original pneumonie lung material. Each 
virus strain was propagated in separate cell cultures and 
the fluids from several different cell types were pooled 
prior to inoculation into pigs. Inoculated pigs were 
necropsied at 3 or 4 weeks postinoculation. 
Pools of second passage fluids from primary swine 
kidney, testicle and lung cell cultures, and from primary 
chicken embryo kidney cell cultures inoculated with virus 
strain #6 did not produce any gross lesions in 3 pigs, but 
did produce microscopic lesions in 2 of the 3 pigs. The 
microscopic lesions in these 2 animals were characterized 
by peribronchiolar lymphocytic accumulation and infiltra­
tion, and by a marked alveolar interstitial thickening. 
Figures 26 and 27 illustrate the microscopic lesions present 
in the lungs of pigs, in which gross lesions were not ob­
served. 
Pools of second passage fluids from primary swine bone 
marrow, serial swine kidney, serial swine kidney tumor and 
serial bovine kidney cell cultures infected with virus 
strain #6 and a parallel series infected with virus strain 
#11 did not produce gross lesions in 3 pigs but did produce 
microscopic lesions in 2 of the 3 pigs. The microscopic 
lesions in these 2 pigs were characterized by a moderate 
alveolar interstitial thickening particularly evident around 
Figure 26. Alveolar interstitial thickening (l) and (2) 
peribronchial lymphoid hyperplasia present in 
the absence of gross lung lesions. The pig 
was inoculated with a pool of fluids from 
second passage of virus pneumonia strain #6, 
in primary swine kidney, testicle and lung, 
and primary chicken embryo kidney cell cul­
tures. Haematoxylin and eosin. X60. 
Photographed using a green (Wratten #11) 
filter. 
Figure 27. Alveolar interstitial thickening (l) present 
in the absence of gross lung lesions. .The-
pig was inoculated with pooled fluids from 
second passage of virus strains #6 and #11, 
in primary swine kidney cell cultures. 
Haematoxylin and eosin. X60. Photographed 
using a green (Wratten #11) filter. 
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bronchioles, and by a mild, focal peribronchiolar lymphoid 
reaction. 
Pools of second passage fluids from serial swine 
kidney, serial swine testicle, serial swine bone marrow, and 
serial bovine kidney cell cultures infected with virus 
strain #6 and a parallel series infected with virus strain 
#11, produced neither gross nor microscopic lesions in 3 
pigs. 
Pools of HeLa, serial swine lymph node, primary swine 
kidney, and primary swine lung cell cultures infected with 
virus strain #6 and a parallel series infected with virus . 
strain #11, produced gross and microscopic lesions in 1 of 3 
pigs. The gross lesions in this animal consisted of a zone 
of reddish-purple consolidation involving the middle 1/3 of 
the intermediate lobe and of a small zone of consolidation 
at the base of the left cardiac lobe. The microscopic 
lesions were typical of experimentally produced virus pneu­
monia. 
In no instance was a detectable cytopathic effect seen 
on daily, microscopic examination of inoculated cell cul­
tures. 
In order to show that the pneumonic lung suspensions, 
used to inoculate the cell cultures, contained viable virus, 
a series of pigs was inoculated after the cell culture in­
oculations were completed. Lung suspensions of second pig 
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passage virus strain #6 produced gross lesions in 2 of 3, 
and microscopic lesions in 3 of the 3 pigs. The gross 
lesions in these pigs were -characterized in 1 case by 
limited areas of typical consolidation involving the lower 
1/3 of the left cardiac lobe and a small focus of consolida­
tion at the base of the right cardiac lobe, and in the other 
case by consolidation involving the low 1/2 of the right 
cardiac lobe and most of the intermediate lobe. The micro­
scopic lesions in these 2 animals were typical of experi­
mentally transmitted virus pneumonia. Pneumonic lung 
material collected from these pigs produced extensive gross 
and microscopic lesions, typical of.experimentally trans­
mitted virus pneumonia in 2 of 2 pigs. The pneumonic lung 
suspension of virus strain #11 produced moderate gross and 
microscopic lesions typical of experimentally transmitted 
virus pneumonia of pigs in 2 of 2 pigs. Table 5 summarizes 
the results of the preliminary cell culture propagation 
trials. 
In order to determine which cell line, in the pool of 
HeLa, serial swine lymph node, primary swine kidney and pri­
mary swine lung cell cultures, had propagated the agent of 
virus pneumonia of pigs, the trial was repeated and fluids 
from second passage inoculated individual cell lines were 
tested in pigs. 
Pools of second passage fluids from serial swine lymph 
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Table 5. Production of pneumonia in pigs with cell cultures 
inoculated with the agent of virus pneumonia 
Virus Gross Microscopic 
Inoculum strain lesions lesions 
A) Primary swine kidney3-
Primary swine testicle 
Primary swine lung 
Primary chick-embryo kidney 
6 0/3% 2/3 
E) Serial swine kidney 
Serial swine testicle 
Serial swine bone marrow 
Serial bovine kidney 
6 & 11 0/3 0/3 
C) HeLa 
Serial swine lymph node 
Primary swine kidney 
Primary swine lung 
6 & 11 1/3 1/3 
D) Primary swine bone marrow 
Serial swine kidney tumor 
Serial swine kidney 
Serial bovine kidney 
.6 & 11 0/3 2/3 
E) Virus control, 2nd. pass.c 6 2/3 3/3 
P) Virus control, 3rd. pass.d 6 2/2 2/2 
G) Virus control, 3rd. pass.e 11 2/2 2/2 
aSecond, 7 day passage, cell culture fluids, consti­
tuting a final dilution of the original lung of 8 x 10™3. 
^Numerator - number of pigs with lesions. 
Denominator - number of pigs inoculated. 
^Inoculations done simultaneously with groups A and B. 
^Inoculations done simultaneously with groups C and D. 
^Inoculations done simultaneously with groups C and D. 
node cell cultures inoculated in parallel series with virus 
strains #6 and #11 and incubated for 7 day intervals pro­
duced neither gross nor microscopic lesions in 3 pigs. 
Pools of second passage fluids from primary swine kidney 
cell cultures inoculated in .parallel series with virus 
strains #6 and #11 and incubated for 7 day intervals pro­
duced gross lesions in 1 of 3 and microscopic lesions in 2 
of 3 inoculated pigs. The gross lesions were limited to 
scattered pneumonic foci in the right cardiac lobe of 1 ani­
mal. Figure 28 illustrates the gross lesions present in the 
lungs of this pig. The microscopic lesions in the 2 pigs 
were typical of the-lesions of experimentally produced 
virus pneumonia. Pools of second passage fluids from HeLa 
cell cultures inoculated in parallel series with virus 
strains #6 and #11 and passaged at 7 day intervals, pro­
duced gross and microscopic lesions in 3 of 3 pigs. In 2 of 
these animals gross lesions were extensive and involved por­
tions of the left anterior, cardiac and diaphragmatic lobes, 
portions of the right cardiac and diaphragmatic lobes as 
well as a portion of the intermediate lobe. Figures 29 and 
30 illustrate the lesions present in these 2 animals. The 
lesions found in the third animal consisted of limited con­
solidation of the tips of the right anterior, and right and 
left cardiac lobes. The microscopic lesions in these ani­
mals were typical of experimentally produced virus pneumonia 
Figure 28. Foci of consolidation involving the right 
cardiac lobe of the lungs of a pig inoculated 
with a pool of fluids from second passage of 
virus pneumonia strains #6 and #11 in primary 
swine kidney cell cultures. 
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Figure 29. Areas of consolidation involving the right 
cardiac and diaphragmatic lobes and the left 
anterior, cardiac, and diaphragmatic lobes 
of the lungs of a pig inoculated with a pool 
of fluids from second passage of virus 
pneumonia strains #6 and #11 in HeLa cell 
cultures. 
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Figure 30. Extensive areas of consolidation involving 
the left anterior, cardiac and diaphragmatic 
lobes, the right diaphragmatic lobe, and the 
intermediate lobe of the lungs of a pig 
inoculated with a pool of fluids from second 
passage of virus pneumonia strains #6 and 






of pigs. Figures l6, 18 and 21 illustrate the typical 
microscopic lesions present in the lungs of these pigs. 
In no case were detectable cytopathic effects seen on 
daily microscopic examination of the infected cell cultures 
even though fluids from them produced pneumonia in pigs. 
Fluids from uninoculated primary swine kidney, serial 
swine lymph node, and HeLa cell cultures produced neither 
gross nor microscopic lesions in 2 inoculated pigs. Figure 
31 illustrates the microscopic appearance of the lungs of 1 
of these pigs. Fresh cell culture medium also failed to 
produce gross or microscopic lesions in 2 inoculated pigs. 
Table 6 summarizes the results of inoculation of individual, 
infected cell cultures into pigs. 
In an attempt to increase the infectiousness of the 
HeLa cell culture propagated virus pneumonia virus, a trial 
was conducted in which 3 variations were tested fçr their 
effects on virus propagation. These were : 1. cell culture 
growth and maintenance medium, 2. temperature of incubation, 
and 3. length of the incubation period. The growth and 
maintenance media compared were Madin's balanced salt solu­
tion plus 0.5 per cent LH and 10 per cent CS, and medium 199 
plus 10 per cent CS. The temperatures of incubation com­
pared were 35°C. and 37°C. The passage intervals compared 
were 2 and 5 days. Cell cultures were prepared and incu­
bated under all combinations of these 3 variables. Virus 
Figure 31. Normal lung from a pig inoculated with pooled 
fluids from unlnoculated primary swine kidney, 
HeLa, and serial swine lymph node cell cul­
tures. Haematoxylin and eosin. Xl6o. 
Photographed using a green (Wratten #11) 
filter. 
Figure 32. Normal lung section, from an unlnoculated 
control pig, illustrating the occurrence of 
loose lymphoid tissue at the bifurcation of 
major "bronchioles. Haematoxylin and eosin. 




Table 6. Propagation of the 
pigs in individual 








Primary swine kidney3 1/3% 2/3 
Serial human cervical 
epidermoid carcinoma (HeLa) 3/3 3/3 
Serial swine lymph node 0/3 0/3 
Unlnoculated cell culture 
fluids (PSK, HeLa, SLN) 0/2 0/2 
Fresh cell culture medium' 0/2 0/2 
aSecond 7-day passage cell culture fluids inoculated 
with virus strains #6 and #11, final dilution of original 
lung of 8 x 10-3. 
^Numerator - number of pigs with lesions. 
Denominator - number of pigs inoculated. 
strains #6 and #11 were inoculated individually in parallel 
series of cell cultures and pooled prior to inoculation into 
pigs. The trial was carried through 3 serial passages in 
• cell cultures. Table 7 summarizes the results of the pig 
inoculations conducted with pools of virus strains #6 and 
#11 propagated under the various combinations of the 3 vari­
ables. In all cases the gross and microscopic lesions pro­
duced were typical of lesions of experimentally transmitted 
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Table 7- Effect of medium, temperature of incubation, and 
length of incubation on infectivity of virus 




















B M-199d 35C 2 1/2 1/2 
C Madin1 s 350 5 1/2 1/2 
D M-199 350 5 0/2 1/2 
E Madin1 s 370 2 2/2 2/2 
F M-199 370 2 1/2 2/2 
G Madin1 s 370 5 0/2 0/2 
H M-199 370 5 0/2 1/2 
aPools of third cell culture passage of virus strains 
#6 and #11. This constituted a final dilution of 1.6 x 10~^ 
of the original pneumonic lung tissue. 
^Madin's balanced salt solution plus 0.5 per cent LH 
and 10 per cent CS. 
^Numerator - number of pigs with lesions. 
Denominator - number of pigs inoculated. 
^Medium 199 plus 10 per cent CS. 
virus pneumonia of pigs. 
No detectable cytopathic effects were observed on 
daily, microscopic examination of the inoculated cell cul­
tures incubated under the 8 possible combinations of the 3 
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factors. 
Using the presence and extent of typical gross and 
microscopic lung lesions as a guide, it appeared that the 
optimum combination of factors for the propagation of the 
agent of virus pneumonia of pigs in HeLa cell cultures was 
incubation at 37°C. for 2 day periods, in cells grown and 
maintained in Madin1s balanced salt solution plus 0.5 per 
cent LH and 10 per cent CS. 
Before the above information was available, an attempt 
was made to adapt the 2 virus strains to HeLa cell cultures. 
The viruses were passaged 4 times at 7 day intervals. Cell 
culture fluids were changed once during each passage, 
usually on the third day after inoculation. At the end of 
the 4 passages, a final dilution of approximately 4 x 10""^ 
of the original lung had been attained. Fourth passage HeLa 
cell culture fluids of virus strain #6 were inoculated into 
pigs at dilutions of 10"^, 10 , 10 2, and 10™°. Two pigs • 
were inoculated at each dilution level. Gross lesions were 
not produced by any of the inocula. Typical microscopic 
lesions of experimentally produced virus pneumonia were pre­
sent in 1 of 2 pigs inoculated with undilute cell culture 
fluids. None of the animals inoculated with cell culture 
fluids diluted to 10~2, 10"^, or 10"^ had microscopic 
lesions. . Undilute fourth passage HeLa cell culture fluids 
infected with virus strain #11 were inoculated into 3 pigs. 
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No gross lesions were produced in these pigs. Typical 
microscopic lesions were present in 1 of the 3 pigs. 
At the time of the HeLa cell culture inoculations, 
third pig passage lung suspensions of virus strain #6 were 
inoculated into pigs at dilutions of 10~\ 10~3, and 10"2. 
Two animals were inoculated at each dilution level. Gross 
and microscopic lesions were produced in 1 of 2 pigs inocu-
_ p 
lated at the 10 dilution level. Gross lesions were pro­
duced in 1 of 2 and microscopic lesions in 2 of the 2 pigs 
inoculated at the 10"3 dilution level. Gross and micro­
scopic lesions were produced in 2 of 2 pigs inoculated at 
the 10"^ dilution level. In all cases the gross and micro­
scopic lesions produced were typical of experimentally 
transmitted virus pneumonia of pigs. Table 8 summarizes the 
results of the infectivity titration trials. 
An additional attempt was made to secure propagation of 
the agent of virus pneumonia through higher numbers of 
passages in HeLa cell cultures. Duplicate series of cell 
cultures were infected respectively with virus strains #6 
and #11.. Cell culture fluids were harvested at 48 hour 
intervals. Infectivity trials were made after 6 and 11 
passages. As indicated in Table 9, neither gross nor micro­
scopic lesions were produced in pigs inoculated with sixth 
HeLa cell culture passage of individual virus strains or 
with pools of both virus strains after 11 passages. Two 
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Table 8. Infectivity of fourth HeLa cell culture passage 
virus pneumonia of pigs virus and of crude 






Fluids from strain #6 inoculated3 






10 3 0/2 0/2 






Fluids from strain #11 inoculated3 
HeLa cell cultures 
o
 i o 
H 0/3 1/3 
Virus #6 crude lung suspension 









aFourth, 7 day passage, cell culture fluids consti­
tuting a final dilution of 4.096 x lO'^2 of the original 
pneumonic lung tissue 
^Numerator - number of pigs with lesions. 
Denominator - number of pigs inoculated. 
io4 
Table 9• Results of pig inoculations with sixth and 
eleventh HeLa culture passage virus pneumonia 
virus 
Gross _ Microscopic 
Inoculum lesions lesions 
Sixth pass.3 
VPP #6 virus 0/2° 0/2° 
Sixth pass.3 
VPP #11, virus 0/2 ' 0/2 
Pool, eleventh pass 
VPP #6 & #11 virus 
c 
0/2 0/2 
Unlnoculated controls 0/2 0/2 
Constitutes a dilution of 1.28 x 10 9 of the original 
lung material after 12 days incubation at 37°G• 
^Numerator - number of pigs with lesions. 
Denominator - number of pigs inoculated. 
^Constitutes a dilution of 4.096 x 10""-'-5 of the 
original lung material after 22 days incubation at 37°^. 
unlnoculated control pigs were also free of lesions. 
During the course of the transmission studies with the 
agent of virus pneumonia of pigs in HeLa cell cultures, cell 
culture coverslips were usually prepared in duplicate with 
the virus inoculated cultures. Separate series of cover-
slips were inoculated with each virus strain. 
No detectable cytopathic effects, inclusion bodies or 
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cellular abnormalities were seen in Giemsa stained cover-
slips prepared from cell cultures inoculated with these 2 
virus strains. In many cases the cell cultures were subse­
quently proven to contain the virus as evidenced by infec­
tion of pigs. 
No difference could be detected in the pattern of 
fluorescence between inoculated and unlnoculated coverslips 
stained with acridine orange. Coverslips from several 
passages of both virus strains #6 and #11 were examined. 
Figure 33 illustrates the fluorescence observed in unlnocu­
lated HeLa cell cultures stained with acridine orange. • 
Inoculated HeLa cell cultures, stained by the indirect 
fluorescence antibody technique showed no detectable, 
specific fluorescence. Coverslips inoculated with virus 
strains #6 and #11 were stained by this method. At low 
passage levels this procedure was used on several separate 
series of both virus strains. 
Chicken embryo transmission studies 
Virus strains #6 and #11 were inoculated by 3 routes in 
duplicate series of chicken embryos, carried through 2 
passages at 7 day intervals and pooled prior to inoculation 
into pigs. No detectable gross lesions or mortality 
occurred in any of the chicken embryos inoculated with the 
2 virus strains. Neither gross nor microscopic lung lesions 
Figure 33. Unlnoculated HeLa cell culture. Acridine 




were produced in the 3 pigs inoculated with the pooled 
second chicken embryo passage tissues. Two of 2 control 
pigs inoculated with pneumonic lung suspensions from third 
pig passage of virus strain #6 developed typical gross and 
microscopic lesions, as did 2 of- 2 pigs inoculated with 
third pig passage pneumonic lung suspension of strain #11. 
This was the same material that was used to initiate the 
attempted virus passage in chicken embryos. 
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DISCUSSION 
Only 1 viral Isolate was recovered in a detectable 
manner from the lung suspensions inoculated into cell cul­
tures, chicken embryos and mice. In all probability, a high 
percentage of these specimens harbored the agent of virus 
pneumonia of pigs. No attempt was made to determine the 
presence of this virus by the inoculation of susceptible 
pigs. One of the purposes of this survey was to determine 
whether viral or rickettsial agents of primary or secondary 
importance could be recovered from field cases of swine 
pneumonia. The lung specimens examined in this survey pro­
vided a cross section of pneumonic conditions as seen in the 
field, i.e., chronic, inapparent infections in slaughter 
pigs and active, acute cases from field and experimental 
infections. 
No recoveries of swine influenza virus were made from 
any case, even from specimens collected during the season 
when the disease is thought prevalent. Since swine influ­
enza virus is present in the pneumonic lesions for only the 
first few days, some of the lesions examined could have been 
initiated by this agent even though no virus recoveries were 
made. It seems unlikely, however, that all of the collec­
tions would have been made at this stage. These results 
were taken to indicate that swine influenza was not preva­
lent in Iowa at the time of this study. 
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In only 1 case was a detectable virus recovered in 
primary swine cell cultures. This viral agent may have been 
a contaminant either from the nasal or oral cavity. This 
virus was not pathogenic for experimentally inoculated pigs. 
These findings agree with those of H jarre _et _al. (58) who 
noted that viral cytopathic agents are not easily recovered 
from swine pneumonia. No detectable viral or rickettsial 
agents were recovered by inoculation of chicken embryos or 
mice. 
The lack of recoveries of active agents in cell cul­
tures or in chicken embryos was surprising in view of 
several reports of the recovery of pneumonia causing agents 
in cell cultures (75, 159) and in chicken embryos inoculated 
either by way of the yolk sac (16, 31, 43, 139) or the 
chorioallantoic membrane (89). 
The high incidence of M. hyorhinis indicates that the 
effects of this agent as a secondary invader in swine pneu­
monia should be determined. This organism regularly passes 
filters of minimum pore size for the passage of the agent of 
virus pneumonia of pigs and it is not affected by high 
levels of penicillin and streptomycin. While this organism 
is not of primary etiological importance, it poses a serious 
problem in studies on virus pneumonia of pigs since at the 
present time it is impossible to rid inocula of this 
organism without also eliminating the virus. The cytopathic 
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changes produced, by M. hyorhinis closely resembled the 
changes described by Lannek and Wesslén (76). These 
authors later (75) discussed the possibility that the cyto­
pathic (SEP) agent they recovered might be a Mycoplasma sp. 
It is noteworthy that the agents recovered by Dinter 
et al. (31) by yolk sac inoculation of chicken embryos, 
produced lesions typical of M. hyorhinis infection when 
inoculated intraperitoneally into pigs. Yolk sac inocula­
tion of chicken embryos is a good method for the recovery 
and propagation of M. hyorhinis. The fact that these agents 
also caused pneumonia when inoculated intranasally may be 
due to the concurrent, silent propagation of the pneumonia 
agent. 
The bacteriological findings reported here parallel and 
supplement the results obtained in earlier surveys by other 
workers. Forty-seven per cent of the normal but only 12 per 
cent of the pneumonic specimens were bacteriologically nega­
tive. Pasteurella multocida was the predominant bacterium 
recovered from the pneumonic lungs; it was not recovered 
from the grossly normal lungs. This would apparently sup­
port the view that P. multocida is a secondary invader and 
cannot become established in the normal lung. This of 
course does not detract from the Importance of _P. multocida 
as a secondary invader in virus pneumonia of pigs since this 
organism apparently is primarily responsible for the acute 
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condition which Betts (6) called "secondary breakdown.,r 
• Beta-hemolytic streptococci were frequently recovered 
from the pneumonic lungs but none were recovered from the 
normal lungs. In some cases these organisms cause secondary 
focal pneumonic lesions in young pigs suffering from primary 
streptococcal arthritis or endocarditis. These strep­
tococci, as in the case of J?, multocida-, are considered to 
be secondary invaders in chronic swine pneumonias. 
Alpha-hemolytic streptococci were frequently recovered 
from both the grossly normal and pneumonic lungs. The 
significance of these organisms is difficult to .determine 
but Schofield (ll8) felt that these bacteria were probably 
contaminants of fecal origin. 
Corynebacterium pyogenes and C_. renale were each re­
covered in 3 instances from the pneumonic lungs but not from 
the normal lungs. It is felt that "these organisms are 
probably opportunists and of no primary etiological signifi­
cance in swine pneumonia. 
The low incidence of recovery of Hemophilus suis may be 
correlated with the lack of recovery of swine influenza 
virus. This organism is very sensitive to most antibiotics 
and the current widespread use of antibiotics in pig feed 
may be responsible for the small number of recoveries. This 
organism has been incriminated as a cause of polyserositis 
and arthritis in pigs but it is not considered of primary 
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significance in chronic pneumonia. 
Bordetella bronchiseptica was recovered from 1 pneu­
monic and 2 normal specimens. From the gross and micro­
scopic appearance of these specimens it would appear that 
B. bronchiseptica was not of primary etiologica signifi­
cance. In these cases the organism may have been a chance 
invader from the nasal cavity. 
The significance of the other bacteria recovered is 
difficult to assess. These organisms were not recovered in 
pure culture and usually they were present only as a few 
colonies on a blood agar plate. It should be pointed out 
that the methods of collection used, particularly as regards 
the specimens collected at slaughter, were not ideal and 
allowed a great deal of surface contamination of the speci­
mens. Although precautions were taken on subsequent hand­
ling to avoid this contamination, the possibility exists 
that some of the organisms recovered may have come from 
handling the lungs after slaughter. 
The 2 isolates of the agent of virus pneumonia of pigs 
were selected for their virulence in test pigs and because 
of the absence of secondary organisms, especially M. 
hyorhinis, in the original pneumonic lung. For reasons of 
economy of test pigs and of isolation facilities, both 
strains were propagated in separate cell cultures but were 
inoculated together into test pigs. This procedure did not 
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appear to cause any evidence of virus interference since in 
several instances, extensive lesions were produced in pigs 
inoculated with pools of cell cultures containing both virus 
strains. 
Twelve different cell cultures were examined for their 
ability to propagate these 2 strains of virus pneumonia of 
pigs. • It is apparent that at least 2 of the 12 will allow 
this agent to propagate, albeit in an inapparent manner. 
HeLa cell cultures propagated the agent through at least 4 
passages, as demonstrated by the presence of typical micro­
scopic lesions in test pigs. In a subsequent trial, third 
passage inoculated HeLa cell cultures produced typical gross 
and microscopic lesions in test pigs. However, sixth and 
eleventh passage inoculated HeLa cell cultures produced no 
lesions in test pigs. Whether the failure to cause lung 
lesions in pigs after increased numbers of passages of the 
agent in HeLa cell cultures is due to the cessation of 
propagation or to loss of virulence cannot be ascertained at 
this time. No attempt was made to determine whether, as 
found by Lannek and Bornfors (73), such animals would, after 
resolution of the microscopic lesions, be resistant to 
challenge with virulent virus pneumonia material. 
The failure of the agent of virus pneumonia to propa­
gate in an active form beyond the fourth passage in HeLa 
cell cultures would tend to discourage further use of this 
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cell type In studies of this disease. That true propagation 
did occur in the HeLa cell would tend to be proven by: 1. 
the relatively high dilution of the original lung inoculum 
and 2. the length of the incubation period at 37°C.' The 
agent of virus pneumonia is very labile and probably would 
not passively survive incubation at this temperature for 
over 1 day. 
The agent of virus pneumonia of pigs was propagated 
through 2 passages in primary swine kidney cell cultures, as 
shown by the production of typical gross and microscopic 
lesions in test pigs. In all likelihood, true propagation 
did occur in the primary swine kidney cells since the in­
fectious inoculum used in the test pigs constituted a dilu­
tion of 8 x 10"3 of the original pneumonic lung and more 
important, a l4 day incubation period at 37°C. It was not 
possible within the scope of this study to determine whether 
the agent of virus pneumonia would have continued to propa­
gate on subsequent passage in primary swine kidney cell 
cultures'. The possibility that primary swine lung cell cul­
tures could have propagated the agent of virus pneumonia was 
not tested. 
The lack of cytopathic effects, in cell cultures proven 
infectious by pig inoculation, seriously limits the useful­
ness of this method of studying the virus. The possibility 
remains that on serial passage of the agent in primary swine 
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cell cultures, cytopathic effects may be produced. No con­
clusion can be made regarding the absence of specific 
immunofluorescence in coverslips from inoculated cell cul­
tures. Since positive controls were not available, it was 
not possible to determine whether or not the antiserum pro­
duced in rabbits contained specific antibodies of sufficient 
potency to yield visible fluorescent aggregates with viral 
antigens. 
The failure to produce lesions or death in chicken 
embryos inoculated with pneumonic lung suspensions of proven 
potency was surprising when viewed in the light of the re­
ports of Dinter _et al. (31), Fontaine et_ al. (43), Surdan 
and Sorodoc (139), and Bontscheff (16). 
In view of these results, the primary objective of this 
study was only partially attained. A method of propagation 
of the primary causative agent of virus pneumonia appears to 
have been found but the technique is, at least for the time 
being, very cumbersome since pigs must still be inoculated 
in order to determine whether or not the agent is present in 
the cell cultures. 
The gross and microscopic lesions of uncomplicated 
virus pneumonia were identical whether produced experi­
mentally with crude pneumonic lung suspensions or with in­
fectious cell culture fluids. Normal control and cell cul­
ture control pigs remained free of both gross and microscopic 
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lesions. The most characteristic and constant lesions seen 
were : 1. peribronchiolar and perivascular lymphoid infil­
tration and hyperplasia and 2. alveolar interstitial thick­
ening. The intra-alveolar exudate was in most cases com­
posed of alveolar cells and lymphocytes and was seen only in 
lungs in which extensive gross lesions were present. 
The significance of the microscopic lesions present in. 
the pigs showing no gross lung lesions was difficult to 
assess. These lesions were generally focal and limited to 
a moderate interstitial alveolar thickening and to- accumula­
tion of lymphocytes around some bronchioles and arterioles. 
These small nodules of lymphocytes were quite compact and 
occurred most frequently between the small bronchioles and 
arterioles. That these lesions were due to the presence of 
the agent of virus pneumonia was proven by the absence of 
lesions in pigs inoculated with fluids from unlnoculated 
control cell cultures. Figure 32 illustrates the»small 
amount of lymphoid tissue which was seen in normal lungs. 
This lymphoid tissue was rather loose in arrangement; it was 
seen only at the bifurcation of larger bronchioles and it 
was never associated with the arterioles. 
Pleural and pericardial lesions were not produced in 
any of the pigs inoculated with either crude lung suspen­
sions or cell culture fluids. The inocula used in these 
trials was always proven to be free of M. hyorhinis. This 
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absence of pleural and pericardial lesions in uncomplicated 
virus pneumonia indicates that similar lesions produced by 
Lannek and Wesslen (75) and by Fontaine et. al. (44) in their 
studies are probably due to mixed infections. 
•In view of the histopathological findings reported 
herein, it would appear that the interstitial pneumonias 
described by Young and Underdahl (l6s) may have been cases 
of virus pneumonia of pigs in which the alveolar inter­
stitial reaction was the most prominent lesion. 
The giant cell pneumonias reported by Betts et al. (10) 
and by Hjarre (55) would appear to be completely unrelated 
to virus pneumonia of pigs as seen in this area. 
No attempt was made, during the course of this study, 
to determine whether pigs inoculated with the agent of virus 
pneumonia would develop lesions of inclusion body rhinitis, 
as reported by Bakos _et al. (3). The pigs used in our 
studies were older than those used by Bakos et al. (3) but 
in no instance was nasal catarrh evident in pigs which at 
necropsy showed lesions of virus pneumonia. Switzer (142, 
144) has shown that no causal relationship exists between 
virus pneumonia and infectious atrophic rhinitis and it is 
possible that the pigs, used by Bakos et al. (3), contracted 
infectious atrophic rhinitis from their dams. 
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SUMMARY 
1. Eighty-six grossly pneumonic and 15 grossly normal 
pig lungs were examined for the presence of viruses, 
rickettsia and bacteria, particularly Mycoplasma hyorhinis. 
2. Virus isolation attempts were made in primary swine 
kidney cell cultures, in chicken embryos inoculated by the 
chorioallantoic sac and yolk sac routes, and in mice inocu­
lated by the intranasal and intraperitoneal routes. 
3. One. viral agent was recovered from the pneumonic 
lungs. This virus was cytopathic for primary swine kidney 
cell cultures but it produced no lesions in experimentally 
inoculated pigs. No viruses were recovered from the normal 
lung s. 
4. Swine influenza virus was not recovered. 
5. Rickettsia were not recovered. 
6. M. hyorhinis was recovered from 51.1 per cent of 
the pneumonic lungs and from 6.6 per cent of the normal 
lungs. 
7. Pasteurella multocida was recovered from 40.7 per 
cent of the pneumonic lungs but not from the normal lungs. 
8. Beta-hemolytic streptococci were recovered from 
18.5 per cent of the pneumonic lungs but not from the normal 
lungs. 
9. Alpha-hemolytic streptococci were recovered from 
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18.5 per cent of the pneumonic lungs and 33.3 per cent of 
the normal lungs. 
10. Several other organisms were recovered in small 
numbers. 
11. Two strains of the agent of virus pneumonia, shown 
to be free of secondary organisms, particularly M. hyorhinis, 
were tested for the ability to propagate in cell cultures 
and chicken embryos. 
12. The 5 primary cell cultures tested were: swine 
kidney, lung, bone marrow, testicle, and chicken embryo 
kidney; and the 7 serial passage cell cultures tested were : 
swine kidney, kidney tumor, bone marrow, testicle, lymph 
node, bovine kidney, and human cervical carcinoma (HeLa). 
13. The agent of virus pneumonia was propagated in 
primary swine kidney and HeLa cell cultures as shown by the 
.production of typical gross and microscopic lesions in pigs 
inoculated with second passage cell culture fluids. 
14. Fluids from third HeLa cell culture passage of the 
virus produced typical gross and microscopic lesions in 
pigs, but fourth passage fluids produced only microscopic 
lesions. Sixth and eleventh passage fluids did not produce 
detectable lesions in test pigs. 
15. Control pigs inoculated with fluids from unlnocu­
lated cell cultures were free of gross or microscopic lung 
lesions as were unlnoculated control pigs. 
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16. Typical gross and microscopic lesions were 
regularly produced in pigs inoculated with pneumonic lung 
suspensions identical to those used to inoculate the cëll 
cultures. 
17. Cytopathic effects were not detected"in the 
inoculated cell cultures. 
V 
18. No abnormalities were detected in inoculated cell 
cultures stained with Giemsa or acridine orange and no 
specific fluorescence was detected in cell cultures stained 
by the indirect fluorescent antibody technique. 
19. Neither lesions nor deaths occurred in chicken 
embryos inoculated with both strains of virus pneumonia 
virus. Pneumonia was not produced in pigs inoculated with 
pools of materials from second chicken embryo passage of the 
2 virus strains inoculated by the chorioallantoic sac, the 
amniotic sac, and the yolk sac routes. 
20. Identical gross and microscopic lesions were pro­
duced in pigs inoculated with either pneumonic lung suspen­
sions or with inoculated cell culture fluids. 
21. Gross lesions consisted of areas of light to 
reddish-purple consolidation usually limited to the anterior, 
cardiac, and intermediate lobes of the lungs. Pleuritis and 
pericarditis were never present in experimentally produced 
virus pneumonia of pigs. 
22. The microscopic lesions were characterized by: 
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1. perivascular and peribronchiolar lymphoid Infiltration 
and hyperplasia, 2. alveolar interstitial thickening and in­
filtration, and 3. alveolar exudates consisting of alveolar 
cells, lymphocytes, plasma cells, and neutrophiles. 
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